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Roentgen-ray Study on Non-permeability to Thorium Dioxide of 
Placenta of Albino Rat.* 


LEON J. MENVILLE anv J. N. ANE. 


From the Radiological Division, Department of Medicine, Tulane University. 


Experimental work on the permeability of the placenta to cer- 
tain dyestuffs has been reported by a number of investigators. Wis- 
locki* reports that when phenolsulphonephthalein is injected into the 
peritoneal cavity of a guinea pig fetus it is absorbed and passes 
slowly from the fetal blood stream through the placenta into the 
maternal blood stream and is excreted by the maternal kidney. A 
similar injection of trypan blue is also absorbed from the peritoneal 
cavity of the fetus, but is not transmitted by the placenta to the 
maternal organism. According to Wislocki’s observations the 
placenta is incapable of transmitting an inert foreign colloid from 
the fetus to the mother. Shimidzu’ injected pregnant rats subcu- 
taneously between the scapulae, using 23 different dyes, 8 basic and 
15 acidic. He found that the placenta was permeable to all of the 
basic dyes, and only 8 out of the 15 acid dyes penetrated the pla- 
centa; also that the permeable dye solutions were slightly colloidal 
or non-colloidal in character, with the exception of Biebrich’s scar- 
let, a highly colloidal dye. Dyes largely in the colloidal state do not, 


* Aided by a grant from the David Trautman Schwartz Research Fund. 
1 Wislocki, G. B., Bull. Johns Hopkins Hosp., 1921, 32, 93. 
2 Shimidzu, Y., Am. J. Physiol., 1922, 62, 202. 
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with rare exceptions, penetrate the placenta. These experiments 
were made on animals either at operation or after death. 

We were unable to find in the literature reports of experiments 
on the permeability of the placenta to colloidal substances opaque to 
the roentgen ray. We appreciated that but few colloidal substances 
have been found which penetrate the placenta because of the size of 
the particles in these substances. We used thorotrast, a colloidal 
thorium dioxide, miscible in all proportions with body fluids. We 
hoped that its particles of thorium would be small enough to pene- 
trate the placenta, as in the instance of Biebrich’s scarlet, and there- 
by visualize the reticulo-endothelial system of the fetus. 


Fig. 1. 
Pregnant rat, showing the visualized placentas. The liver and spleen of fetuses 
not visualized. 


We used four pregnant albino rats, at or near full term. Three 
were injected with 1 cc. of thorotrast, and shortly after were roent- 
genographed, the liver and spleen being clearly visualized. The 
livers and spleens of the fetuses did not show the presence of tho- 
rium at that time, These rats were roentgenographed several times 
before delivery, with the same results. Roentgenograms were also 
made of the newborn shortly after birth, and we were unable to 
detect thorium in their livers or spleens. From the roentgenograms 
of these 3 rats there was no roentgen evidence that the thorium 
had reached the placenta. We then injected 1.5 ce. of thorotrast in 
the tail vein of the 4th pregnant rat, and a roentgenogram, made 
shortly after, clearly showed the liver, spleen, and 9 placentas, but 
the thorium, as far as we could observe, had not penetrated the pla- 
centas. This rat died 24 hours after injection, and through the 


‘ 
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kindness of Dr. William Harris, of the Pathological Department, 
Tulane University, histopathologic studies were made of the pla- 
centas, livers, and spleens of the fetuses. The placentas showed 
the presence of thorium, but none was found in the fetuses. 
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Microzcopic Changes Produced in Tissues of Animals Injected with 
Therium Dioxide for Spleno-hepatography. 


WILLIAM H. HARRIS anp A. V. FRIEDRICHS. 


From the Department of Pathology, College of Medicine, Tulane Uniwersity. 

Many reports have recently appeared upon the results of the in- 
travenous injection of colloidal thorium dioxide (Thorotrast- 
Heyden) in the experimental animal, most of them demonstrating 
tolerance and lack of toxicity even in large doses. Huguenin and 
Nemours’ state that 18 cc. of thorotrast were tolerated by the rabbit 
without any after-effects. Later, however, with Albot,’ they de- 
scribed the production of hepatitis and cirrhosis in rabbits with 
doses of 15 to 20 cc. Bauman and Schilling? found that 1 cc. ad- 
ministered intravenously in rabbits, was necessary for contrast 
shadows of the spleen and liver but that 3 cc. twice daily up to 
12 cc. gave more distinctive shadows, with no ill effects. Fifteen 
minutes after injection, glossy colorless grains could be observed 
in the various stellate (Kupffer) cells and also in the reticulum 
cells of the spleen. Twenty-four hours later, such cells were swollen 
and filled with fine and coarse, glossy granules. After 14 days the 
same approximate condition existed. Popper and Klein’ injected 
rabbits and dogs up to 8 times the quantity recommended for the 
human subject. They state it was harmless and that the blood was 
not affected. Lambin,’ however, found that 5 cc. per kilo in rab- 
bits necessary for liver visualization caused anemia whereas 1 cc. 
per kilo, sufficient for spleen visualization, caused an erythroblastic 
reaction, without producing anemia. When a pronounced anemia 


1 Huguenin, R., and Nemours, A., Rev. de Path., comp. et d’Hyg. gen., 1931 
415, 480. 

2 Huguenin, R., Nemours, A., and Albot, G., Comp. rend. de Seances d. Biol., 
1931, 35, 879. 

8 Bauman, H., and Schilling, C., Klin. Wschr., 1931, 27, 1249. 

4 Popper, H., and Klein, E., Muench. med. Wsehr., 1931, 48, 1829. 

5 Lambin, P., Comp. rend. Soc. Biol., 1931, 28. 
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was produced, the recovery was spontaneous. Kadrnka® reports 
haematuria in animals subsequent to intravenous injections of tho- 
rium dioxide. Thus conflicting observations have been recorded. 

We injected 53 white rats in collaboration with radiological ob- 
servations of Drs. Menville and Ané, with variable results as re- 
gards tolerance. The very moderate dosage was from 0.2 to 1 ce. 
introduced in the tail vein. In the human subject as much as 50 to 
75 cc. has frequently been injected. About 4% died within 48 
hours. Those surviving this period with the exception of the preg- 
nant females continued to live after 3 months in apparently good 
health. The animals studied histologically included those dying 
early as well as those surviving and in good condition, sacrificed 
with ether anesthesia. 

In the animals dying from the injection within 48 hours, the 
following microscopic changes were noted: The liver showed cast- 
like masses of small thorium granules in the sinusoids and marked 
parenchymatous degeneration with fatty changes were present in the 
hepatic cords. In the kidneys, larger glossy thorium granules were 
found in the glomerular capillary tufts. The renal tubuli showed in 
areas, occlusion of the lumen from swelling of the renal epithelium 
while others showed extensive parenchymatous degenerative 
changes. The spleen showed extensive collection of thorium gran- 
ules which had replaced the splenic tissue in much of its structural 
extent. The deposits were present in the splenic corpuscles and the 
splenic pulp. The material was not phagocytized. In one animal 
in which the lungs were visualized the capillaries of the alveolar 
walls were laden with glossy thorium granules. 

In the animals in apparent good health the changes noted in gen- 
eral were those described by most observers, 1. e., the selective re- 
action of the reticulo-endothelial cells, especially of the liver and 
the spleen, which structures apparently represent the accumulating 
foci of the thorium injections. It does not seem entirely accurate 
to state, however, that the selective affinity of the reticulo-endothelial 
system would account solely for the extensive and consistent spleno- 
hepatic accumulations. It is true that the bone marrow does show 
some collection of this material but the vascular supply of the lungs, 
kidneys, lymphatic glands and other structures forming a part of 
the Aschoff system is seldom visualized. 

The cellular response produced is somewhat analogous to that 
seen in typhoid fever. The displacement of splenic structure, the 
apparent invasion and destruction of areas of hepatic cord epi- 


6 Kadrnka, §., Radiology, 1932, 18, 371. 
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thelium and the deposition of the material in the portal tracts is, 
however, a more definite histo-pathologic change than simply a 
phagocytic reaction on the part of the xeticulo-endothelial system. 
It is possible that the white rat presents a somewhat different re- 
sponse than that of other animals. It is also possible that the tho- 
rium preparations vary slightly in the character of their constituents. 


6211 


Histo-pathological Effects of Thorium Dioxide on Lymphatic 
Glands of Animals Visualized by the Menville-Ané Method. 


WILLIAM H. HARRIS. 


From the Department of Pathology, College of Medicine, Tulane University.* 


The method of radiological visualization of the lymphatic glands 
by the injection ef colloidal thorium dioxide (thorotrast) was de- 
scribed by Menville and Ané.* In this work the material was intro- 
duced subcutaneously in the area of the perivascular lymph spaces. 
The subsequent drainage to the lymphatic glands produced visual- 
ization not alone of the glandular structure but also, at times, the 
lymphatic vessels (Fig. 1). Through this means, the opportunity 


Fig. 1. 


* Aided by a grant from the David Trautman Schwartz Research Fund. 
1 Menville, L. J., and Ané, J. N., J. Am. Med. Assn., 1932, 98, 1796. 
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has been afforded of studying the host #esponse of the lymphatic 
glands thus visualized, in 5 white rats, 6 rabbits, and 3 dogs. 

The tissue reactions produced have been, in certain instances, 
unusual and unique in their aspect. It is to be noted that aside from 
the injected material, these animals have been visualized with the 
X-ray. While it is presumed that the changes noted are due to 
thorium alone because of the very slight exposure to the X-ray, 
nevertheless the combination of these factors is to be considered. 
Further animal experiments separating these activities are under 
way. 

In observations heretofore made upon both animals and the hu- 
man subjects injected intravenously, the phagocytosis of thorium by 
cells of the reticulo-endothelial system forms the outstanding de- 
scription. Huguenin, Nemours and Albot? describe, however, the 
production of a hepatitis and cirrhosis in the rabbit presenting there- 
by a connective tissue reaction apparently responding to hepatic 
cell injury. 

In the animals of these experiments injected subcutaneously and 
the lymphatic glands thereby visualized, there occurs a distinctly 
stimulating reaction upon the connective tissues or stromal unit of 
the glands, with loss of the lymphoid structure. At times, asso- 
ciated with the connective tissue increment there occurs an enlarge- 
ment and evident stimulation of the cortical nodules, indicated es- 
pecially by the great increase of the germinal or keim centers. The 
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2 Huguenin, R., Nemours, A., and Albot, G., Comp. rend. de Seances, d. l. Soc. 
d, Biologie, 1931, 35, 879. 
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feature of unusual interest is the perivascular connective tisste pro- 
liferation (Fig. 2) which continues to increase concentrically about 
the blood vessels. Phagocytic cells which contain thorium can be 
seen within the lvmph sinuses. A more advanced picture of such 
changes presents complete loss of the parenchyma with connective 
tissue replacement in which the lymph spaces are clearly shown and 
at times appears dilated (Fig. 3). Occasionally masses of phagocytic 


cells containing thorium show a surrounding encapsulation of con- 
nective tissue. At the site of local inoculation, masses of foreign 
body giant cells or macrophages are found heavily laden with tho- 
rium granules. 

The biological effects produced upon lymphatic glands visualized 
by the subcutaneous injection of thorium are unusual in character 
and differ from those resulting from radium or X-ray.* As this 
resultant activity may represent changes of subsequent important 
significance in other studies, the results have accordingly been pre- 
sented. 


3 Wood, F. C., A Text-book of Path., Delafield and Prudden, 1931, William 
Wood and Co., N. Y., 14. 
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Intraperitoneal Injections of Pneumococcus in Animals Primarily 
Receiving Leucocytic Stimulating Antigens.* 


HERBERT J. SCHATTENBERG anp WILLIAM H. HARRIS. 


From the Department of Pathology, College of Medicine, Tulane University. 


In a previous communication’ we reported the difference in leuco- 
cytic response to the injection in animals of various antigenic sub- 
stances. The differences were of a marked character, not only for 
the different antigens used but also for the route of injection chosen. 
Killed cultures of B. typhosus and Staph. aureus injected intra- 
peritoneally resulted in the formation of the highest leucocytic 
increase. The peak of the rise appeared in from 6 to 8 hours. We 
also called attention to the phenomenon of local leucocytosis as a 
possible misleading factor in making such observations.” Some allu- 
sion to this feature had previously been made by Garrey and But- 
lete 

Steinberg’ reports that 4 intraperitoneal injections of heat killed 
B. coli at daily intervals, protects 65% of animals against an arti- 
ficially produced peritonitis caused by a living B. coli suspension 
administered on the 5th day. Gay and Clapole* have shown that the 
“carrier state” in rabbits can be prevented if previously immunized 
rabbits are injected with a live suspension of B. typhosus. Their 
experiments show that there is a much greater leucocytic response 
when immunized rabbits are injected than when normal rabbits are 
used and in the latter case the “carrier state” cannot be prevented. 

To ascertain the protective influence of induced leucocytosis, 47 
white mice received intraperitoneal injections of the following anti- 
genic substances for the purpose of producing leucocytic reactions 
in approximately 6 hours as controlled by the previously reported 
experiments :’ (1) Suspension of killed B. typhosus. (2) Suspen- 
sion of killed Staphylococcus aureus. (3) Detoxicated suspension of 
killed pneumococcus. (4) Sterile milk. 


* Aided by a grant from the David Trautman Schwartz Research Fund. 

1 Harris and Schattenberg, Proc. Soc. Exp. Brot. AnD Mxp., 1931, 29, 265. 

2Schattenberg and Harris, Proc. Soc. Exp. Bron. AND Mep., 1931, 29, 269. 

3 Garrey, W. E., and Butler, Virginia, Am. J. Physiol., 1929, 90. 

4Garrey, W. E., and Butler, Virginia, Reprinted from Proceedings of the 
Staff Meetings of the Mayo Clinic, 1929, 4. 

5 Steinberg, Bernhard, Proc. Soo. Exp. Bion. AND Mzp., 1931, 29, 16. 

6 Gay, F. P., and Claypole, E. J., Arch. Int. Med.,.1914, 14, 662. 

7 Harris and Schattenberg, Proc. Soc. Exp. Biot. AnD Mep., 1931, 29, 265. 
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After 6 to 8 hours these animals were injected intraperitoneally 
with lethal doses of Pneumocccci types I, II, and III. These cultures 
were grown in Avery’s medium and suspended in saline solution to 
produce a suspension containing approximately 300,000,000 organ- 
isms per cc. The amounts given, varying from 0.1 to 0.25 cc.,. 
were adjusted so that death of the animals could be controlled and 
occurred at periods varying from 3 to 24 hours. 

The animals in the various series received a respective antigenic 
injection approximately 6 hours previous to the administration of 
the infecting dose of the pneumococcus. In one series, 2 antigenic 
doses were given at 24 hour intervals and an infecting dose 6 hours 
following the last injection. Control animals for the infecting dose 
were run with each series and the effects of the antigenic injection 
were also noted in other control animals. 

While in certain instances some of the supposedly protected ani- 
mals survived for several hours longer than the infection control 
animal, at other times the control lived somewhat longer than those 
that had received the antigenic dose or doses. 

Our procedure does not conform to that used by Steinberg in 
that our infecting microorganism was more virulent and that re- 
peated injections to produce a hyperleucocytic immunity were not 
administered. 

The results of our experiments would indicate that in white mice, 
the injections of various antigenic substances employed as stimu- 
lators for a leucocytic increase, failed to show any evidence of pro- 
tection to this animal against the production of fatal pneumococcal 
peritonitis. 
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Effects of Toxic:and Non-toxic Doses of Thorium Dioxide in 
Various Animals. 


C. J. TRIPOLI anp E. v. HAAM. 


From the Départments of Pathology of Charity Hospital and Louisiana State 
University Medical Center. 


The value of the method of roentgenographic visualization of the 
liver and spleen in the human is, in our opinion, dependent only upon 
the possible dangers involved in the intravenous administration of 
stabilized colloidal suspensions of thorium dioxide (Thorotrast). 
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We have undertaken a series of experiments to determine the histo- 
pathological changes in the tissues of animals that have been given 
various intravenous doses of thorium dioxide over varying periods 
of time. 

Seventy-nine animals, comprising 4 dogs, 15 albino rats, 18 guinea 
pigs, 20 white mice, and 22 rabbits, have been used in this work. 
All animals were injected with doses varying from that which per- 
mits good visualization (0.8 gm. per kg. body weight) to 10 times 
this dose. An additional number of animals were used as controls 
in each experiment. The dogs and rabbits were injected intraven- 
ously, whereas the guinea pigs, white mice and rats were injected 
by the intracardiac route. The complete dose was given over a 
period of 3 days, one-third of the total dose each day. The animals 
were then killed at intervals of one day, one week, one month and 
6 months following the injection of both small and large doses of 
the thorium preparation. 

The following observations were made: All animals which re- 
ceived 0.8 gm. per kg. body weight showed no changes in appetite, 
skin, body weight, susceptibility to infections or propagation of the 
species. The animals were all living and well up to the time of 
being sacrificed. 

Several animals receiving 10 times the smaller dose (8.0 gm. per 
kg. body weight) showed toxic effects. Three guinea pigs and 2 
rabbits lost considerable weight and were apparently ill for 2 weeks, 
but recovered and were killed at the end of one month. Two rab- 
bits, one guinea pig and 3 white mice died within one to 3 days fol- 
lowing the last injection. Thus 69 animals survived throughout the 
time of the experiment without any notable changes. 

These surviving animals were sacrificed and autopsied at varying 
intervals following administration of the drug with the following 
gross findings: No gross changes nor any evidence of any type of 
hemorrhage was noted in animals receiving 0.8 gm. per kg. body 
weight, irrespective of time elapsing between final administration 
of the drug and death, ranging from one day to 6 months. In those 
animals receiving 10 times the smaller dose, the liver and spleen 
_were paler than normal. In none was there any hemorrhage present. 
Two rabbits and one mouse of this series were pregnant. The em- 
bryos were living at the time of autopsy. In some of the animals 
intracardially injected, the mediastinal lymph nodes were markedly 
enlarged. 

Histopathological study revealed the following : 

1. Animals which received doses of 0.8 gm. per kilo. 
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a. Spleen. With such animals sacrificed at the end of 24 hours, 
a few thorium particles were found free in the finer capillaries. 
Reticulo-endothelial cells were found already containing the tho- 
rium particles. At the end of one week, no free thorium was 
found, but many reticulo-endothelial cells contained the metal. At 
the end of one month, fewer reticulo-endothelial cells were found 
containing the thorium, much reduced in amount. At the end of 
6 months, a very few reticulo-endothelial cells scattered throughout 
the organ contained the thorium particles. No evidences of hem- 
orrhage or fibrosis were noted in any instance. 

b. Liver. The liver as regards the free particles of thorium and the 
reticulo-endothelial cells presented in all cases the same picture as 
described for the spleen at the end of corresponding time intervals. 
The liver cells of early sacrificed animals occasionally contained a 
few particles of thorium, but in animals later sacrificed, thorium 
was not present. 

c. None of the animals receiving the small dose showed any 
thorium in any organ other than the liver and spleen. No histopatho- 
logical changes could be demonstrated in any organ of any of the 
animals as compared to apparent healthy control animals. 


2. Animals which received 8 gm. per kilo. 

a. Spleen. Many thrombi of thorium particles were present in 
the capillaries and free particles were found in the splenic pulp at the 
end of one day. Minute areas showing beginning necrosis were 
present. At the end of one week, the reticulo-endothelial cells had 
engulfed all of the thorium and none was found free. No necrosis 
or fibrosis was present. Guinea pigs and rabbits showed the thorium 
particles in the center of the Malpighian bodies, whereas the mice 
and white rats had the thorium in the cells of the periphery of the 
lobule. At the end of one month, the only change in the picture was 
the presence of a smaller amount of thorium as estimated by visual 
means. At the end of 6 months, certainly over one-half of the tho- 
rium had disappeared from the reticulo-endothelial cells of the 
spleen. 

b. Liver. The changes were quite similar to those described 
for the spleen, there being thrombi ot thorium particles present in 
the finer capillaries and marked parenchymatous degeneration of the 
liver cells, with no actual necrosis noted. At the end of one month 
a few thrombi remained, but retrograde changes of the liver cells 
were no longer noted, all the thorium being then found in the retic- 
ulo-endothelial cells. Animals sacrificed at the end of 6 months 
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showed that a great deal of the thorium saad disappeared from the 
cells. No hemorrhage or fibrosis was noted at any time. 

c. Kidneys. White mice killed one week after injection showed 
exudate and thickening of the glomerular capsule with small thrombi 
in the glomerular loops. Guinea pigs, rabbits and albino rats showed 
degeneration of the proximal convoluted tubules. Animals sac- 
rificed one month following injection show no renal lesions. 


d. Animals showed thorium particles present in the reticulo- 
endothelial cells of the bone marrow, adrenal glands and lung. 


e. Brain, heart, vascular system, pancreas, gastro-intestinal 
tract, genito-urinary organs, placenta and embryonic tissues showed 
no evidence of thorium particles except for renal glomerular thrombi 
as previously noted in animals sacrificed one week after injection. 
The smaller animals receiving accidental mediastinal dosages while 
attempting intracardiac injections showed thorium in the pericar- 
dium and mediastinal lymph glands. 


Summary. 1, The reticulo-endothelial cells, particularly in the 
liver and spleen, have been shown constantly to exhibit their char- 
acteristic property of engulfing foreign particles from the circu- 
lation. 2. Non-toxic doses produce no histopathological changes in 
the tissues examined and the amount of thorium in the reticulo- 
endothelial cells is diminished after one month and greatly so after 
6 months. 3. Toxic doses produce, in some instances, emboli and 
minute necrosis in the spleen and retrograde changes in liver and 
kidney which may or may not be permanent. 
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A Study of Splenic Contraction in Various Animals. 


KE. v. HAAM, ©. J. TRIPOLI anp BH. B. LEHMAN. 


From the Departments of Pathology and Radiology, Charity Hospital, and 
Louisiana State University Medical Center, New Orleans, La. 


Since Barcroft’s’ work, a great number of authors have empha- 
sized the importance of the spleen as a reservoir for red blood cells. 
Numerous experiments have been performed to visualize the dila- 
tation and contraction of the spleen. Barcroft tried to observe the 
movements of this organ in the dog through a celluloid window 


1 Barcroft, Lrg. Physiol., 1926, 26, 818. 
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which had been implanted in the upper left abdominal quadrant. 
Others outlined the spleen with small metal clamps and observed 
the changes in position of the clamps caused by the dilatation and 
contraction of the organ, by means of the fluoroscopic screen and 
roentgenograms. Benhamou, Viallet and Marchioni,’ using special 
soft tissue technique, tried to visualize the spleen by taking radio- 
grams with the subject in numerous and varied positions. We have 
not been able to use this method to our satisfaction. 

The spleens of dogs, rabbits, guinea pigs and rats were roentgen- 
ographically visualized by means of intravenous administration of 
colloidal solutions of thorium dioxide (Thorotrast), and the con- 
traction of the spleens studied under the fluoroscope and on radio- 
graphs after the injection of adrenalin, after bleeding and after 
shock. Hematocrit determinations of the peripheral blood were 
taken while the spleen was dilated, following intravenous adminis- 
tration of chloralose solution and at intervals of one minute, 3 min- 
utes, 5 minutes, 15 minutes, and 30 minutes following intravenous 
injection of adrenalin. Simultaneously with the hematocrit, radio- 
graphs were made. 


Fie. 1. Fie. 2. 


Fig. 1 shows the dilated spleen of a dog and Fig. 2 shows the 
contraction of the same dog’s spleen 3 minutes after the intravenous 
injection of adrenalin, Hematocrit values of the peripheral blood 


2 Benhamou, Viallet and Marehioni, J. de radiol. et a’electrol., 1931, 15, 147. 
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cells showed an increase of 23% three minutes after the contraction 
of the spleen. Repeated experiments on the same dogs and on other 
dogs showed a correlation between the contraction of the spleen and 
the increase in the peripheral hematocrit reading. In the experi- 
ments with guinea pigs and rabbits, only slight, if any contraction of 
the spleen after adrenalin injection, bleeding or shock was pro- 
duced. In accordance with this fact, erythrocyte counts and hema- 
tocrit determinations from the peripheral blood showed no notable 
increase after the administration of adrenalin. The spleen of rats 
showed distinct contraction after adrenalin, although the contraction 
is not as marked as in the dogs. These results are in accord with 
the experiments of Lauda and Haam,* who found that the spleen of 
rats is able to express only 3.3% of the total hemoglobin of the 
animal. 

The important facts shown in our series of radiographs of splenic 
contraction in various animals are as follows: 1. Excellent con- 
tractions are obtained in dogs. The increase in the peripheral hema- 
tocrit determination is dependent upon the degree of contraction of 
the spleen. 2. The spleen of a rabbit and guinea pig has slight, if 
any, contractility powers. 3. The spleen of the albino rat shows 
contractions which are distinctly visible, but not as marked as the 
spleen of the dog. 4. Different results obtained in investigations 
concerning the variation of hematocrit blood volume in different 
animals can be explained by the fact that a different degree of con- 
tractility exists in the spleens of dogs, guinea pigs, rabbits, and rats. 
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Observations on Decerebration by Embolism. 


W. T. DAWSON and OSCAR BODANSKY. 


From the Department of Pharmacology, University of Texas School of Medicine. 


Langley,’ Mellanby,’? and Edkins and Murray*® have used intra- 
carotid injection of starch as a method of decerebration for cats or 
rabbits. Observations in this laboratory on more than 40 dogs 
“decerebrated” with starch suspension (10%, 0.5 cc. per kg. or 2 cc. 


8 Lauda, E., and Haam, E., Proc. Soc. Exp. BioL. AND Mgp., 1931, 29, 260. 
1 Langley, J. N., J. Physiol., 1912, 45, 239. 

2Mellanby, J., J. Physiol., 1919, 58, 1. 

8 Kdkins, Nora, and Murray, Margaret M., J. Physiol., 1924, 59, 271. 
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total; opposite carotid tied before injection) showed irregular re- 
sults. While superficial resemblance to decerebrates as regards 
muscle tone pattern, etc., was not infrequent, the method appeared 
unreliable, a result naturally to be expected in view of the inevit- 
ably large role played by chance in the ultimate distribution of the 
embolizing particles. About one in 4 of the animals ceased breathing 
after injection. 

Lycopodium spores, comparatively much less variable in size, 
‘more stable chemically* and on the average larger, are particles more 
readily identifiable in microscopic sections. The spore is a 3-sided 
pyramid with convex base.” Four spores are formed from a sphere of 
radius 21 microns.* There are about 95,000 spores per mg. against 
about 10,000,000 for rice starch.* Inclusion in lycopodium sus- 
pension of lampblack,° red oxide of iron, or the less permanent sol- 
uble dyes, methylene blue, crystal violet or diazine green, has enabled 
us to locate with moderate accuracy in gross sections the distribu- 
tion of embolic material in the brain, so that its irregularity is plain, 
and the functional variation from animal to animal explicable. 
Attempts to explain functional results on an anatomical basis have 
proved interesting. Thus in an embolized dog, still breathing, but 
with relaxed limbs, the irregular posterior distribution of the embolic 
mixture extended to the pons-medulla junction and might conceiva- 
bly have cut off the blood supply of the nuclei of Deiters. In the 
non-breathing the posterior limit was as a rule in the medulla or 
even the cord, in the few moving animals not even as far as the 
mid-brain. 

The animals used for lycopodium embolism were: 35 dogs, 1 pig, 
2 calves, 13 rabbits, 14 cats, 1 rhesus monkey. 

We concluded that experimental cerebral embolism (1) as a 
method for decerebration, is as yet unreliable, (2) is useful for 
demonstrating by use of small groups of animals such simple rela- 
tions as that embolism of the bulb may affect the persistence of 
respiration or central cardiac inhibition (failure of veratrum re- 
sponse), etc. We have found the entire operation is quite practica- 
ble under local anesthesia. 

4 Wallis, T. E., Pharmaceut. J. and Pharmacist, 1919, 103, 75. 


5 United States Pharmacopoeia, X. 
6 Dawson, W. T., Am. J. Physiol., 1930, 93, 635. 
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6216 
Effect of Theelin on Immature Guinea Pigs. 


E. L. KING anp ARTHUR G. KING. 


From the Department of Obstetrics, Tulane University Medical School, and 
Charity Hospital, New Orleans, La. 


It was previously pointed out that the vaginal smears of rabbits 
were not reliable as an index of hormonal activity, confirming the 
work of Kunde and Proud.* A more careful search of the litera- 
ture reveals that Courrier* had previously observed that there was 
no histological change in the vaginal mucosa of several rabbits 
either during heat or after the administration of an ovarian extract. 

We also reported an observation in 3 immature guinea pigs of 
the opening of the vulval orifice 48 hours after injection with the 
urine of a pregnant woman. To Courrier* again belongs the credit 
of having made the same observation in a single guinea pig that he 
injected with an ovarian extract. Laqueur* in studying the uterine 
hypertrophy of rodents after injection with an ovarian hormone, 
also noted the vulval opening in 2 guinea pigs but observed that one 
of his controls also had a wide open vagina at the end of the experi- 
mental period, namely a week. In trying to repeat our original 
phenomenon we found that it is not constant, appearing in but 2 of 
23 animals injected with theelin-bearing fluids, while in 2 out of 
34 guinea pigs the opening of the vulva, without, however, typical 
oestrus smears, appeared spontaneously. 

Our attention was shifted, therefore, from the vulva to the effect 
of theelin on the uterus. Hypertrophy of the genital tract in imma- 
ture animals in general is described as characteristic of the follicle 
hormone. Mice, rats, rabbits, and dogs, have been extensively in- 


vestigated. But other than the two authors referred to above and 


Frank,” little seems to have been published. Jares® showed that 
guinea pigs are incapable of giving the Aschheim-Zondek reaction, 
although Papanicolaou’ has recently demonstrated microscopic 
changes in the follicle following the injection into immature guinea 
pigs of the urine of pregnant cows. 


1 King, KE. L., and King, A. G., Proc. Soc. Exp. Bion. AND MED., 1932, 29, 469. 
2 Courrier, R., Comptes rendus Soc. de Biol., 1926, 94, 280. 

3 Courrier, R., Comptes rendus Soc. de Biol., 1924, 90, 453. 

4 Laqueur, E., Deutsch. med. Wcehschr., 1926, 52, 1247. 

5 Frank, R. T., Female Sex Hormone, 1929, Thomas Co., Baltimore. 

6 Jares, J. J., Anat. Rec., 1931, 49, 185. 

7 Papanicolaou, G. N., Proc. Soc. Exp. Bion. AND Mexp., 1931, 28, 807. 
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Most authors have used the obvious hypertrophy of the uterus of 
rodents contrasted with a littermate control to demonstrate the 
uterine effect of the follicle hormone. Siddall* showed that in im- 
mature mice, animals weighing between 18 and 20 gm., the uterus 
(with the ovaries, tubes, and the cervix) weighed less than 1/400 
of the total weight of the animal. Using the blood serum of preg- 
nant women, he demonstrated the presence of theelin by daily in- 
jections over 5 days. At the end of that period the uterus was 
found to weigh more than 1/400 of the total weight, as for example, 
1/300. Using the denominator as an index, a value over 400 would 
be negative, whereas a value under 400 would indicate uterine hy- 
pertrophy. 

Although Frank states that in the immature guinea pig 4 to 6 
days are necessary for hypertrophy of the uterus to take place, we 
have observed it regularly in 48 hours, and even 24 hours after the 
injection of theelin-bearing fluids. We have established a “ratio” 
between the weight of the uterus in mg. and the weight of the ani- 
mal in gm. The normal should be 2.5 or less, corresponding, of 
course, to Siddall’s value of 400. The advantages of this ratio are 
that it rises in value as the uterus increases in size whereas the Sid- 
dall number decreases in value. Again, the Siddall number implies 
an accuracy that is very hard to obtain, a change in the last signifi- 
cant figure representing 1/8 mg., while in the ratio as proposed an 
error of 25 to 36 mg. will just alter the last figure. Finally, the re- 
sults in the immature guinea pig can be read in 48 or even 24 hours 
instead of 5 days. 

The urine of pregnant women near term was used as a cheap and 
available supply of theelin, and 15 immature guinea pigs were in- 
jected from 7 different samples. The injections were so grouped 
that certain variables could be studied, although of course the num- 
ber of cases is small. It was found that the intraperitoneal route 
gave slightly better results than the subcutaneous; that storage over 
night on ice did not affect the result; that the number of doses, dis- 
tribution, and the amount injected had no effect on the outcome. 
This corresponds to the observations of others that the various reac- 
tions of the sex hormones are of a threshold type. On the other 
hand, one animal receiving 4.0 cc. in one dose died of peritonitis, 
and 3 others died of causes undetermined in 24 to 48 hours, without, 
however, interfering with the uterine hypertrophy. The weight of 
the animals seemed unimportant, although those guinea pigs in the 
neighborhood of 250 gm. gave the best results. An interesting 


8 Siddall, A. E., J. Am. Med: Assn., 1928, 91, -779. 
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observation was that 2 animals at least..6 months old but still sex- 
ually immature and weighing 350 gm., which had been injected with 
pregnancy urine some 3 months previously, gave typical expected 
reactions. In no case was any ovarian change visible to the naked 
eye observable. Finally the length of time between the injections 
and the sacrifice of the animal did not seem to play any great part 
in the degree of hypertrophy. The best results were obtained at 
the end of 6 days with one sample, but there was no progressive 
correlation, and in general 48 hours was ample time for the reaction. 
The results with pregnancy urine were as follows: 


Urine Guinea Pigs Ratio Average 
A : 5.6-8.7 7.1 
B 6 2.9-3.9 3.5 
Cc 2 3.0-3.6 SiS) 
D 3.6 
E 3.4 
F 52 
G 4.5 


Since the urine of pregnant women contains large quantities of 
anterior pituitary-like hormone, to prove that the uterine hyper- 
trophy was not due to this substance, 3 animals were injected with 
Antuitrin-S (Parke-Davis) in doses of 20, 40, and 120 units. The 
ratios were respectively : 2.1, 2.5, and 2.5, that is, all negative. On 
the other hand when Theelin (Parke-Davis) was injected in doses 
of 9, 35, and 90 units, the results were: 2.6, 3.5, and 3.0. -This last 
experiment indicates again the threshold nature of the reaction, and 
also, that while 9 units will produce a minimal hypertrophy, 35 will 
give a definite reaction but 90 will not give any greater reaction. 
We are not ready yet, however, to discuss the quantitative relation- 
ships involved. 

Among the controls, one 214 gm. guinea pig, receiving no urine, 
had a ratio of 1.9. Four samples of male urine were used to control 
the findings. This was unfortunate inasmuch as theelin has been 
reported on many occasions in male urine as well as in male feces, 
bile, and even blood, although usually in very small amounts. The 
results were as follows: Urine Z, 2.3 in each of 2 animals; urine 
Y, from the same individual some 2 weeks later, 4.0 and 4.3; urine 
X, 2.7; and urine W, 2.2. While standard tests for the demonstra- 
tion of theelin in the male urines giving a positive reaction should 
have been made, we feel that it was the presence of this substance 
that was responsible. 

Summary. Attention is called to the intmature guinea pig as a 
suitable animal for demonstrating the presence of theelin by uterine 
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hypertrophy observable within 48 hours. There is proposed a nu- 
merical evaluation of this hypertrophy in the form of the ratio of 
the weight of the uterus in mg. to the weight of the animal in gm. 
Using this ratio the presence of theelin was demonstrated in preg- 
nancy urine and a commercial preparation of theelin, differentiating 
these from a commercial preparation of the anterior pituitary-like 
hormone. 


6217 
Attempted Induction of Labor by Injections of Theelin. 


J. THORNWELL WITHERSPOON.* (Introduced by E. C. Faust.) 


From the Department of Obstetrics, Tulane University School of Medicine. 


‘Setting aside as irrelevant to this discussion the effects which the 
hormones of the anterior hypophysis are supposed to exert upon 
the hormones of the ovary, we may accept as reasonably well estab- 
lished at least 3 facts: that the endometrial changes which precede 
menstruation are controlled during the first half of the menstrual 
cycle by the follicular hormone of the ovary; that they are con- 
trolled during the second half of the cycle by the lutein hormone of 
the ovary; and that the actual menstrual flow is precipitated by the 
withdrawal of the lutein hormone, with which is associated the be- 
ginning retrogression of the lutein body. To emphasize the positive 
rather than the negative aspect of the theory, we may say that since 
biologic inactivity is unlikely at any time, menstrual bleeding is 
initiated by the ascendancy of the ovarian follicular hormone over 
the lutein factcr. Arguing from this premise, it does not seem 
unreasonable to assume that the onset of labor in a normal preg- 
nancy which has reached term may be the result of a similar se- 
quence of events, the ascendancy of the same follicular hormone 
over the same lutein hormone, which is known to be present through- 
out pregnancy. 

To test this theory and in the hope of precipitating the onset of 
labor, a series of experiments was undertaken on 8 pregnant negro 
women at full term by injecting (subcutaneously) varying amounts 


* My thanks are due to Dr. E. L. King, Professor of Obstetrics in the School 
of Medicine of Tulane University, on whose service in Charity Hospital the ex- 
periments were conducted, and to Parke Davis and Company, who kindly supplied 
the Theelin used. 
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of theelin, the commercial preparation of,the ovarian follicular hor- 
mone. At the same time, on the assumption that the follicular hor- 
mone can be secured by the aspiration of ovarian follicular cysts at 
laparotomy, fluid obtained from this source was injected into 2 
other pregnant negro women who were also considered to be at term. 


TABLE I. 
Primipara or Amt. Theelin Time elapsed be- Time elapsed be- 
Multipara Injected tween injections tween the injec- 
ce. per dose and onset of ' tions and deliv- 
labor pains ery 
hr. hr. 
M. ib 24 60 
P2 2 24 40 
M. , 3 Injection painful 120 125 
M. 4 Injection painful Discharged not delivered after 72 hr. 
Be Y% 3 doses ; A 
M. Y% 3 doses i 
M. Y% 3 doses te 
PR 1 2 doses 4 
12 ie 96 hr. 
125 4t 80 hr. 


t Ovarian follicular fluid used in place of Theelin. 


The preceding table furnishes the details of the experiment. It 
is questionable whether in any instance the onset of labor followed 
the injection of the hormone soon enough to be considered the re- 
sult of it. The labors were normal in every respect, as were the 
children born of them, and the only conclusion to be deduced from 
this very small series of cases is that the ovarian follicular hormone, 
when administered subcutaneously and in the described amounts, 
has no influence upon the onset of labor. Whether the results may 
be different if larger amounts were given or other modes of injec- 
tion resorted to is a matter of speculation. 

The questionable value of negative results, especially in a small 
series of cases, is fully appreciated, but since scientific and clinical 
data are built up negatively as well as positively, the experiment is 
published as a matter of record. 


- 
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Relationship of Pancreatic Digestion to the Emptying of the 
Gallbladder. 


DANIEL N. SILVERMAN. (Introduced by E. C. Faust.) 


From the Department of Medicine, School of Medicine, Tulane University. 


This communication reports experiments made as a continuation 
of previous efforts to determine the mechanism of the stimulation 
of the gallbladder by ingested egg yolk. Boyden’ first showed that 
a mixture of egg yolk and cream caused a rapid expulsion of bile 
from the animal gallbladder, later that in the human subject the 
administration of egg yolk and cream, but not lean meat or carbo- 
hydrate, caused a rapid expulsion of bile.* Boyden’ believed that 
the gallbladder musculature does not respond to food in the gastro- 
intestinal tract unless digestion and absorption have occurred. The 
late Professor Denis and the writer showed, by analyzing blood 
taken at intervals after administration of fats, that emptying of 
the visualized gailbladder did not depend on the factor of absorp- 
tion. We then found*” that the already digested egg yolk (fatty 
acids and glycerol) did not affect the gallbladders which were 
emptied by plain egg yolk. This suggested some relationship be- 
tween gallbladder emptying and the intestinal digestion of fat. 
With the advice and assistance of Professor A. C. Ivy of North- 
western University, experiments were undertaken to determine the 
relationship of pancreatic digestion to the evacuation of the gall- 
bladder. 

Exp. 1. A male dog was laparotomized, the 2 pancreatic ducts 
were ligated near their entrance into the duodenum, the contents of 
the gallbladder were aspirated completely and through the same 
needle sufficient quantity of brominized oil was injected to distend 
the gallbladder. The abdomen was closed. The animal was kept 
in the fasting state and 12 hours later, a radiograph was made. As 
a control another plate was taken 2 hours later. Then, 4 yolks of 
raw eggs were ingested by the animal. The emptying of the gall- 
bladder is shown (Fig. 1). 

1 Boyden, EB. A., Abstracted in Anat. Rec., 1923, 24, 388. 

2 Boyden, E. A., Anat. Rec., 1925, 30, 333. 

3 Boyden, E. A., Anat. Rec., 1926, 33, 201. 

4 Silverman, Daniel N., Denis, W., On the Relationship of Gallbladder Empty- 
ing to Ingested Fats, Radiology. 

5 Silverman, Daniel N., Denis, W., and Weinberger, Herbert L., Am. J. Med. 
Sci., 1929, 177, 3. 
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Fasting Controls After Fat 
Bigs te 


Demonstrating Emptying of Gallbladder Following Ingestion of Egg Yolk. 
(Pancreatie Ducts Ligated.) 

Exp. 2. Two weeks later the same dog used in Exp. 1 was given 
tetraiodophenolphthalein by mouth. After a 16-hour fast with the 
gallbladder visuaiized on the radiograph, 4 yolks of raw eggs were 
administered. A definite emptying of the gallbladder was noted 
(Fig. 2) 


Fasting After Fat 
Fig. 2. 


Demonstrating Emptying of Gallbladder Following Ingestion of Egg Yolk. 
(Panereatic Duets Ligated.) 


Three days following the second experiment the dog was lapa- 
rotomized by Dr. Bliss and myself and inspection of the pancreatic 
ducts showed them both to be stenosed. 

Sumnury. The experiments indicate that pancreatic digestion is~ 
not essential to the mechanism of gallbladder evacuation following 
the ingestion of fat. 

Appreciation is extended to Drs. Leon Menville and G. N. Ané 
for the valuable assistance rendered by them in the radiographic 
work. 
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Heat Regulation in Medullary and Mid-brain Preparations. 


A. D. KELLER anp W. K. HARE. 


From the Department of Physiology and Pharmacology, Unwersity of 
Alabama School of Medicine. 


One of us approached the localization of the central mechanism 
for the control of body temperature by attempting to determine if 
the fibre tracts concerned could be delimited as they passed caudally 
through the brain stem.» * It was soon noted that a medullary 
preparation differed markedly from a mid-brain preparation in its 
ability to heat regulate. The absence of heat regulation in a mid- 
brain preparation has long been known; this fact was demonstrated 
particularly well by Bazett and Penfield’ in chronic mid-brain and 
pontile cats. Bazett’ more recently emphasized that he has never 
been able to elicit shivering in such a preparation, yet Dworkin* re- 
ports shivering in acute medullary rabbits. 

Our observations have been derived from some 30 mid-brain 
preparations and 10 or more medullary animals, of which 4 only 
were maintained more than 2 days postoperative. The mid-brain 
preparations exhibited the following reactions: (a) shivering was 
never observed even when the rectal temperature was lowered in 
the ice box to 26°C.; (b) it was always necessary to keep the ani- 
mals in a heated incubator in order to maintain a relatively normal 
temperature’; (c) hyperthermia never resulted from central trauma, 
meningitis, or from other infections such as peritonitis and consoli- 
dation of the lungs; (d) sweating was never observed to result, even 
when the rectal temperature was raised to 43-44°C.; (e) typical 
panting has been observed only in a very few instances and in these 
cases the sections were high, but respiratory rates of 120 were fre- 
quently obtained on over-heating. 

On the other hand, medullary preparations responded as follows: 
(a) shivering was readily elicited and frequently occurred in the 
acute stage as a result of heating or after injecting hot saline subcu- 

1 Keller, A. D., Am. J. Physiol., 1930, 98, 665. 

* The final observations in this particular problem are being withheld from 
publication until the present study has been extended further. 

2 Bazett, H. C., and Penfield, W. G., Brain, 1922, 45, 185. 

3 Bazett, H. C., Abstracts Am. Physiol. Soe., 1932. 


4 Dworkin, S., Am. J. Physiol., 1930, 98, 227. 
5 Keller, A. D., Am. J. Physiol., 1932, 100, 576, 
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taneously, as well as from cooling or injecting cold saline subcu- 
taneously; (b) although the preparations were housed in a heated 
incubator directly following operation, within a few days they 
maintained an adequate rectal temperature in unheated cages; (c) 
hyperthermia was observed in 2 instances at ordinary room tem- 
perature where the lesion was highly traumatic, with sub-stem hem- 
orrhage; (d) heating the animals resulted in a progressive slowing 
of respiration and finally periodic breathing, of the nature that oc- 
curs immediately after making the brain lesion®; (e) sweating has 
not been observed, however, young animals have not been used. No 
cases of infections have been seen. 

The difference between 2 such preparations, e. g., in their ability 
to maintain a rectal temperature of relatively normal range when 
subjected to a low environmental temperature, was readily demon- 
strated by preparing the animals simultaneously and then placing 
them in the same incubator. In this case if the box was regulated 
to maintain the temperature of the mid-brain animal, the medullary 
preparation soon died of hyperthermia; on the other hand, if the 
box was regulated for the medullary preparation the temperature of 
the mid-brain animal was markedly low. This contrast is shown 
in the following table: 


TABLE I. 
Cat 103—Medullary Cat 104—Midbrain 
Reet. Box Rect. eee BOX 
Day Temp. Temp. Temp. Temp. 
°C. oF, °C oF, 
5 35 82 31 85 
v 38 80 32 82 
7 37.7 74* 32.5 82 
8 41 80* Died from tracheal obstruction 
8:45a.m. Ieebox 50 
10:30 37.7 Typical generalized shivering.. 
12 noon 36 Cat taken out. Still shivering 
2:00 p.m. 38.7 78* No shivering 


* Animal in unheated cage. 


6 Keller, A. D., Am. J. Physiol., 1931. 
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6220 
The Hypothalamus and Heat Regulation, 


A. D. KELLER ann W. K. HARE. 


From the Department of Physiology and Pharmacology, University of 
Alabama School of Medicine. 


Isenschmid and Schnitzler* localized the chief central mechanism 
for the control of body temperature in the hypothalamus by demon- 
strating that a hypothalamic rabbit heat regulated, whereas, a mid- 
brain preparation did not. Would extirpation of the hypothalamus 
alone without injury to other parts of the brain-stem render -the 
animal incapable of heat regulating? In a few isolated cases in 
high mid-brain preparations, typical panting and vaso-dilation was 
readily elicited and persisted at relatively low rectal temperatures’ ; 
however, subsequent preparations were made in which this response 
could not be obtained under any condition. It therefore seemed 
probable to us that the “heat regulating center” was really in the 
cephalic mid-brain and was consistently spared functionally only 
by a transection passed ahead-of the hypothalamus and rarely by a 
section passing nearer to it caudally. By the lateral approach (ele- 
vation of the temporal pole) the hypothalamus has been successfully 
sectioned free from its cephalic, dorsal, and caudal connections with 
the brain stem with no resultant hemorrhage, and without disturb- 
ing the blood supply to adjacent brain tissue. 

The hypothalamus was sectioned free from its connection on one 
side (unilateral removal) without disturbing bilateral heat regula- 
tion so far as could be determined grossly. An incomplete section 
which crossed the mid-line to involve the opposite half of the stem, 
impaired the power of the animal to maintain body temperature. 
Thus a cat with approximately a three-quarter section maintained a 
rectal temperature of 36°C. housed in an unheated cage. However, 
when put in the ice box its rectal temperature fell slowly in spite 
of the presence of shivering. This condition supervened 3 months 
postoperative in the same state as the first week after operation. 
The animal panted typically and vigorously when heated. 

When the whole of the hypothalamus was sectioned free (or mac- 
erated) with the caudal level of the section ranging through the mid- 
dle level of the mammillary bodies or slightly ahead, the ability to 

i Tsenschmid, R., and Schnitzler, W., Arch. f. Exp. Path. u. Pharm., 1914, 76, 


202. 
2 Keller, A. D., Am. J. Physiol., 1930, 93, 665. 
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maintain a constant body temperature was completely lost and shiver- 
ing could not be elicited. Such an animal exhibits a remarkable re- 
lease from control of the heat loss mechanism. Continuous polypnea 
and cutaneous vasodilation supervened. The respiratory rate varied 
with the activity of the animal, decreasing below 100 as a rule dur- 
ing sleep and ranging around 150 per minute (without the mouth 
being open) after activity. A mere pressing of the tail elicited 
typical panting (mouth open and tongue out) with a rate over 180. 
Such preparations have been maintained for 2 weeks without any 
change in this picture, suggesting that we are probably dealing with 
a true release phenomenon, since the picture supervenes as soon as 
the animal recovers from anesthesia. 

These observations indicate that the chief central mechanism con- 
trolling heat production is located in the hypothalamus, and that 
extirpation of this region releases the heat loss mechanism, located 
elsewhere, from coordinated control. 
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Effect of Carbon Arc Irradiation on the Goitre Producing Sub- 
stance in Plants.* 


BRUCE WEBSTER. (Introduced by J. H. Musser.) 
(With the technical assistance of Catherine Bender.) 


From the Department of Medicine, Tulane University School of Medicine. 


The occurrence of a seasonal and annual variation in the goitre- 
producing power of cabbage and other plants has been previously 
reported." At that time it was suggested that sunlight might be 
a factor in bringing about the synthesis of some substance in the 
cabbage responsible for the production of goitre. Freshly harvested 
cabbage, from a source which had previously been known to pro- 
duce active goitrogenic plants, was finely divided, spread in layers 
from 1 to 2 cm. thick, and irradiated with a carbon arc for 20 
minutes at a distance of 50 cm. The maximum intensity of the are 
used was between 3500 and 4000 A. U. The cabbage was then fed 
to normal rabbits in quantities equivalent to 60 calories per kilo per 
day. The experiment was controlled by feeding hashed, unirra- 


. * Aided by a grant. from the Committee on Grants-in-Aid, National Research 
Council. 
1 Webster, B., Marine, D., and.Cipra, A., J. Hap. Med., 1931, 53, 81. 
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diated cabbage from the same source in equivalent amounts to a 
similar series of rabbits. All rabbits used in the experiment were 
injected subcutaneously with 5 mg. of potassium iodide one week 
prior to the beginning of the experiment, to insure complete invo- 
lution of their thyroid glands. At the termination of the experi- 
ment, the condition of the thyroid gland was determined during life 
by its exposure under ether anesthesia. The animals were later 
sacrificed and the weight of the thyroid was taken at autopsy. 
Table I shows the results. 


TABLE TI. 
Rabbits fed 67 days. 
Rabbbit Material Fed Condition Thyroid Wt. Thyroid 
No. at Termination at Autopsy* 
(Operation) mg. 
22 Irradiated hashed cabbage Soe ae 575 
23 ” ” ”” + + au + 620 
24 ” ” ” eee 480 
27 ” ” ” + + + 540 
25 Plain hashed cabbage ++ 320 
26 ” ” ” — 180 
28 ”) a? a” + + 280 
29 ” a»? phn 4 210 


*The weight of the normal thyroid gland in our series of rabbits varies 
between 50 and 150 mg. 


A second experiment was carried out under the same conditions 
except that a batch of cabbage with less goitre producing activity 
was used. The thyroid glands were exposed at operation but the 
animals were not later sacrificed. Table II shows the results of 
this experiment. i 


TABLE II. 
Rabbits fed 96 days. 
Rabbit No. Material Fed Condition of Thyroid 
at Termination 
(Operation ) 
45 Irradiated hashed cabbage +++ 
46 »”? ay v9 + oo - 
47 ” a” 9 + + 
42 Plain hashed cabbage +4 
43 ed ”? »”? aa + 
44 ” ” a” + g 


It would appear that carbon arc irradiation increases the goitre 
producing power of cabbage. It would seem that light brings about 
a photochemical reaction in the plant with the consequent formation 
of the goitrogenic substance. This agrees with the suggestion of 
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Marine and his associates” that the goitre producing power of cab- 
bage was due to its cyanogen content. Further experiments are in 
progress. 
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Effect on Kidney Function of Ether, Ethylene, Ethylene and Amytal, 
and Ethylene and Avertin. 


ROBERT P. WALTON. (Introduced by J. T. Halsey.) 


From the Department of Pharmacology, School of Medicine, Tulane Unwersity. 


Although the suppression of kidney function by anesthetics has 
been studied under various conditions there is yet considerable spec- 
ulation involved in their selection when considered on this basis. 
Marx" has shown, in dogs, that higher dosages of amytal exert a 
strong anti-diuretic effect and cause retention of substances ordi- 
narily excreted through the kidneys. The clinical observations of 
Emge and Hoffmann’ indicate a suppression of diuresis for the 2 
post-operative days following amytal. Bruger, Bourne and Dreyer® 
consider that kidney function is more depressed with avertin than 
with amytal. Kugel* and Bonsmann’ have reported marked varia- 
tions in the anti-diuretic effect of various hypnotics. 

The work reported here is an attempt to compare the anti-diuretic 
influence of some common anesthetics under conditions which may 
have a bearing on their clinical usefulness. Normal dogs were 
maintained for several days on a regulated intake of food and water 
while the total 24 hour excretion of urine, urea, chloride and phos- 
phate was ascertained. The excretion of phenolsulphonephthalein 
(1 cc. of 0.6% solution intramuscularly) and water (20 cc. per 
kg. by stomach tube) was determined each morning over a 2 hour 
period. The volumes of urine secreted in the afternoon and night 
were also noted. (For convenience in catheterizing, female dogs 
were used after making a posterior vaginal slit.) Approximately 
constant amounts of food and water, given in the late afternoon 


2 Marine, D., Baumann, E., Spence, A., and Cipra, A., Proc. Soc. Exp. Biot. 
AND MEpD., 1932, 29, 772. 

1 Marx, J. Pharm. Exp. Therap., 1931, 41, 483. 

2Emge and Hoffman, Am. J. Surg., 1930, 9, 16. 

3 Bruger, Bourne and Dreyer, Am. J. Surg., 1930, 9, 82. 

4 Kugel, Arch. Exp. Path, Pharm., 1922, 142, 166. 

5 Bonsmann, Arch. Exp. Path. Pharm., 1930, 156, 160. 
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were so adjusted that the dogs consumed the full diet almost imme- 
diately. At about the middle of each period of days, anesthesia was 
instituted for one hour immediately following the morning admin- 
istration of water and phenolsulphonephthalein. Satisfactory sur- 
gical anesthesia, with abolition of leg and abdominal muscle tone, 
was obtained with sodium isoamyl-ethyl barbiturate (32 to 40 mg. 
per kg. intraperitoneally) and tribromethyl alcohol (400-500 mg. 
per kg. rectally) when supplemented by ethylene-oxygene mixtures 
of 90-10 ratio or of less ethylene concentration. Ether was admin- 
istered by cone and a comparable depth of anesthesia was main- 
tained. Ethylene-oxygene mixtures alone, serving as something of a 
control both for excitement and ethylene effects, were administered 
for an hour in one series and, with the ratio used (85-15), no anes- 
thesia was obtained. In all experiments on which conclusions are 
based the animals were sufficiently recovered by late afternoon to 
consume their regular diet of food and water. 

The results of 3 to 6 experiments with each anesthetic combina- 
tion indicated clearly that the 24-hour output of urine was not sub- 
stantially diminished by such anesthesias, either on the day of admin- 
istration or the few days immediately following. The average de- 
crease noted (10 to 15% on the day of anesthesia) was not con- 
sidered a significant diminution in that the normal fluctuations were 
of the same order. Likewise, the 24 hour secretion of urea and of 
chloride was not significantly affected. In some cases, the 24 hour 
phosphate output was definitely augmented by the administration of 
ether, as has been reported by Stehle and Bourne,°® but no definite 
effect on phosphate excretion was noted with the other anesthetics. 
The 2 hour water diuresis response was almost totally inhibited by 
each type of anesthesia and, correspondingly, the urine output was 
considerably increased in the afternoon period immediately fol- 
lowing. This recovery of diuretic function was not as prompt with 
amytal as with the other anesthetics used. The average of the 2 
hour phenolsulphonephthalein excretions was depressed by anes- 
thesia (to about 40% of the total dye injected) but on the subse- 
quent day was manifested to the normal degree (about 70%), no 
marked variations being noted among the different anesthetics. 


6 Stehle and Bourne, J. Biol. Chem., 1924, 60, 17. 
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6223 
Effects of Some Basal Anesthetics on Vasomotor Reflexes. 


C. F. LACEY. (Introduced by J. T. Halsey.) 


From the Department of Pharmacology, School of Medicine, Tulane University. 


In a study of the relative efficiency of basal anesthetics it was 
frequently noticed that in animals under varying doses of barbitu- 
rates (amytal, allonal and dial) the blood pressure showed a depres- 
sor response upon stimulation of the central end of the divided 
sciatic nerve. As such reversal of normal reflexes has been noted 
with other drugs such as chloroform, it seemed worth while to 
investigate the effect produced on vasomotor responses by these 
barbiturates and those produced by some other basal anesthetics or 
hypnotics. 

Cats were used, and satisfactory experiments were conducted 
with the different basal anesthetics in the following numbers (amy- 
tal 4, dial 6, and allonal 5). Under the influence of novocain, a 
tracheal cannula was inserted in order to administer ethylene 90% 
oxygen 10% for anesthesia to complete the preparation, that is to 
cut the sciatic and insert a carotid cannula to record the blood pres- 
sure. 

The central end of the sciatic was stimulated with a Dubois Ray- 
mond coil connected with 3 dry cell batteries in parallel to give a 
voltage of 6. As the response of different cats to the same strength 
of stimulus varies so greatly no average figures for the stimu- 
lation used can be given. The minimal strength required to produce 
a vasomotor response after 20% of the M.L.D. of these drugs was 
stimulation with the secondary coil at 20 cm. in some cats, while in 
others no response would be obtained until the secondary coil was 
at positions intermediate between this and ll cm. , 

The barbiturates were given intraperitoneally. The usual pro- 
cedure was to give 20% of M.L.D.* while the cats were still under 
the ethylene, and after a fixed interval (10 minutes was sufficient for 
the full effect to be produced) the ethylene was discontinued and 
5 minutes allowed for its effect to be lost. Then the sciatic was 
stimulated with gradually increasing strengths of the current, be- 
ginning in each period with a stimulus which produced no vaso- 
motor response. Subsequently, additional doses of 10% of the 
M.L.D. were administered and the same procedure repeated until 
from 60 to 70% of the M.L.D. had been given. In the majority 


*M.L.D. for amytal and dial 100 mg. per kilo, for allonal 90 mg. 
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of instances, the first vasomotor response noted in cats under the 
influence of larger doses of the barbiturates (30% or more of 
M.L.D.) was a fall in blood pressure, at times of only about 10 mm. 
of mercury, while at others the fall amounted to as much as 20 mm. 
With the largest doses (from 60 to 70% of M.L.D.) the strongest 
stimulation which could be applied frequently produced no vaso- 
motor response. However, with these large doses, the cats were 
deeply anesthetized, and the blood pressure was already low as com- 
pared with the preliminary blood pressure, the average for the pre- 
liminary blood pressure being 152 mm., while the average under the 
above mentioned dosages of the barbiturates was 100 mm. 

The most common vasomotor responses under doses from 30 to 
60% of the M.L.D. with weak currents was a fall in blood pressure, 
and the same fall was also often the result of stronger stimulation. 
However, it was a common experience that, in these experiments, on 
increasing the strength of the stimulus by moving the secondary 
coil one or more centimeters the depressor response was changed 
to a pressor one. At times the fall in blood pressure appeared to be 
due to vagal inhibition of the heart. Consequently, a number of 
experiments were carried out with vagotomized cats. In these ani- 
mals, the vasomotor responses to sciatic stimulation were similar to 
those of the cats with the vagi intact except that the fall in blood 
pressure in many cases was much less. In no instance was the fall 
as much as 20 mm. of mercury. 

With corresponding percentages of the M.L.D. of chloral, avertin 
and paraldehydef (the first 2 given rectally, the last intraperiton- 
eally) comparative observations were made using the same pro- 
cedure as with the barbiturates. 

In animals under these drugs, with the vagi intact the usual re- 
sponses with currents that would produce any effect, was an in- 
crease in the blood pressure. Sometimes, however, a fall was noted, 
which appeared to be due to vagal inhibition of the heart. In vagoto- 
mized cats under the influence of these drugs, sciatic stimulation in- 
variably caused a rise in blood pressure, except that with the largest 
doses (above 60% of M.L.D.) the strongest stimulation possible 
with the coil used was often followed by neither vasomotor nor other 
reflexes. 

This difference in the effect of these different basal anesthetics on 
the vasomotor mechanism would appear to be of significance. Free- 
man and Rosenbleuth* report that dial has no unusual effects on the 


+ M.L.D. chloral 350 mg. per kilo, for avertin 400 mg., for paraldehyde 2.5 cc. 
1 Freeman and Rosenbleuth, Am. J. Physiol., 1931, 98, 454. 
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vasomotor reflexes. A repetition of their observations with cur- 
rents of the strength and with the dosages used by them has failed 
to confirm this statement, in that we have found variable vasomotor 
responses, either pressor or depressor to sciatic stimulation. 
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Attempts to Produce Hyperplasia in Thyroid by Destruction of Part 
of the Adrenals and by Infection. 


HOWARD R. MAHORNER. (Introduced by A. Ochsner.) 


From the Department of Surgery, Tulane University School of Medicine. 


Several methods may produce retrogression in the hyperplastic 
thyroid, wz., resection of the thyroid, administration of iodine, 
x-ray, but it is more difficult to produce the hyperplasia character- 
istic of exophthalmic goiter at will. ' 

The purpose of these experiments was to note the microscopic 
changes occurring in the thyroid after injury to and destruction of 
part of the adrenals or in the organism suffering from an infection. 
In these experiments dogs were used. Dogs in this locality appar- 
ently very rarely have goiter. The thyroid of a 6 to 10 kg. dog is 
usually about 2.2 x 1.2 cm. in size. 

To have a section of thyroid to compare the result by, from each 
of the dogs a piece of thyroid about 2x 2 mm. was removed at a 
preliminary operation. Sections removed from the same dog at 
subsequent operations or at necropsy were compared with this first 
section. Sections removed subsequently from control dogs in 
whom no other procedure but this preliminary operation was done 
did not show any hyperplasia, as has been proven to occur when 
larger pieces of the thyroid gland are removed. 

Two dogs were fed 3 grains of thyroid extract a day for 46 
and 47 days, respectively. These dogs became extremely restless, 
nervous, excitable, and had even a stare but no exophthalmos. Sec- 
tions removed from the thyroids of these dogs after feeding the 
animals thyroid extract for 46 and 47 days showed retrogressive 
changes in the thyroid; smaller epithelial cells with more colloid im 
the vesicles. This response to thyroid extract has been described 
before.* 


1 Mosser, W. B., Am. J. Surg., 1929, 7, 338. 
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Cole and Womack* found that infection in dogs resulted in hyper- 
plasia of the thyroid gland. I implanted a small coil of wire con- 
taminated by a pure culture of staphylococci into the sternocleido- 
mastoid muscle of dogs. The dogs were sacrificed after 4, 9, 17, 
and 24 days. The thyroid in 2 showed hyperplasia but the thyroid 
of the other 2 showed no change. Moreover, thyroid glands re- 
moved from 2 other dogs that died of pneumonia showed hyper- 
plasia. One of these had part of the adrenals destroyed. A dog 
dying of peritonitis following intestinal obstruction showed no 
change in the microscopic appearance of the thyroid. Another dog 
having a periadrenal abscess showed no hyperplasia. Thus, 50% 
of 8 dogs with infections showed hyperplasia in the thyroid. 

Golyakowski® and Marine and Baumann* found that ligating the 
vessels and removal or injury of the cortex of the adrenal glands 
was followed by an increase in the metabolic rate in a certain per- 
centage of animals. After preliminary operation to obtain a section 
of the thyroid for comparison at a second operation, I crushed one 
or both adrenals, macerating them with an Ochsner forceps. I at- 
tempted to destroy a large portion of the glands and yet not both 
glands entitely. I can report subsequent examinations of the thy- 
roids of 10 animals at various periods from 5 to 38 days. Seven of 
these showed no change, one showed retrogression, and 2 showed 
slight hyperplasia. One of these dogs showing hyperplasia in the 
thyroid died of pneumonia; thus, infection may have played a part. 

The thyroid was measured at the first and at subsequent exami- 
nations in some of these dogs. No gross changes were noted in 
size or appearance of the gland. ; 

The dogs in whom the adrenals had been injured moved slowly, 
seemed pepless, became thin and emaciated, disinterested, and looked 
just the opposite from the dogs that had thyroid extract. 

The changes in these thyroids are very meager indeed. When- 
ever there was an apparent decrease in the amount of colloid and 
heaping up of epithelial cells, I called it hyperplasia. It is certainly 
not the striking change found in thyroids in exophthalmic goiter in 
the human. These changes are in reality only suggestive; they are 
not constant. As Webster,’ McCarrison® and others have shown, 
goiter may be produced by goiterogenic diet, but I am not aware 


2 Cole, W. H., and Womack, N. A., J. Am. Med. Assn., 1929, 92, 453. 
3 Golyakowski, quoted by Marine and Baumann (Ref. 4). 

4 Marine, D., and Baumann, E. J., Am. J. Physiol., 1921, 57, 135. 

5 Webster, B., Marine, D., and Cipra, A., J. Hap. Med., 1931, 58, 81. 
6 MeCarrison, R., Brit. Med. J., 1929, 1, 5. 
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of a typical exophthalmic goiter having ever been produced or ever 
existed of itself in the lower animals. There is something else in 
man, the emotional side or some other factor, that makes goiter 
sometimes different from the goiter occurring in animals. 
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Peritoneal Lavage. Effective Elimination of Nitrogenous Wastes in 
the Absence of Kidney Function. 


SIDNEY BLISS, ARTHUR O. KASTLER anp S. B. NADLER. 


From the Department of Biochemistry, Tulane School of Medicine. 


The experiments of one of us have demonstrated that nephrecto- 
mized dogs eliminate considerable amounts of ammonia in vomiting. 
These results have been amply confirmed and extended by others. 
Martin has studied the elimination of ammonia, urea and other nitro- 
genous wastes lost in this manner. 

During a similar study on elimination of both urea and ammonia 
in the vomitus, we have demonstrated that really considerable quan- 
tities of urea and ammonia are thus eliminated. However, the 
prospect of this method of elimination serving as a therapeutic 
measure to tide patients over temporary periods of deficiency in 
kidney function is not bright. Elimination by way of the stom- 
ach becomes quantitatively important only when nitrogen retention 
has reached a very serious stage, and in our hands this mode of ex- 
cretion has always failed to keep pace with nitrogen accumulation. 

During the course of these experiments we encountered edema of 
massive proportions. The ascitic fluid in these cases was found to 
be rich in urea and practically in equilibrium with the concentra- 
tion of that substance in blood. 

We have been able to accomplish the elimination of nitrogen 
wastes by the introduction of a solution of balanced salts into the 
peritoneal cavity of a nephrectomized dog, allowing time (10 min- 
utes) for diffusion of nitrogenous wastes into this fluid, and then 
drawing off the fluid through the trocar which remains in position 
throughout. We introduce on the average 750 cc. of solution, allow 
it to remain in the peritoneal cavity for 10 minutes and then allow 
it to flow out by gravity. Varying numbers of such washings are 
made at a single insertion of the trocar. Depending upon the sever- 
ity of the retention at the time, we have done as few as 5 and as 
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many as 20 washings at one sitting. The relief of nitrogen reten- 
tion is prompt and dramatic. The plasma value has been reduced 
from 160 mg. to 80 mg. per 100 cc. within 3 hours. The survival 
period of untreated dogs is about 3 days, while with peritoneal lavage 
we have had survival periods of 13 and 16 days. 

The therapeutic possibilities are at present under investigation 
here. Our studies on kidney-functionless dogs have included one 
dog anuric with uranium nephritis, one dog with one kidney removed 
and the other ureter ligated, and 5 doubly nephrectomized dogs. 


TABLE I. 
Control of Plasma Non-protein Nitrogen by Peritoneal Lavage. 
Dog Plasma Non-prot. N. Non-protein N. 
No. of Lavage Fluid 
Before After Cone. Amt. Remarks 
lavage lavage 
mg. % mg. % mg. % gm. 
2 156 Wea 101 4.0 double nephrectomy 
140 103 68 5.4 
107 94 60 4.9 
159 95 68 6.8 
212 110 31 3.2 
182 79 70 6.2 double nephrectomy 
144 96 7 5.8 
135 120 48 21 
182 80 67 8.4 
142 80 58 5.5 
104 57 44 Sly) 
106 56 “29 5.6 
4 76 54 19 1.8 
5 46 45 13 1.6 
133 68 36 3.1 
162 102 48 4.1 
138 62 62 6.9 double nephrectomy 
190 75 75 6.6 
120 82 44 4.0 
6 191 110 62 5.2 
267 148 65 5.1 anuric: uranium nephritis 
230 143 72 6.7 
7 250 124 74 he) left kidney removed 
right ureter ligated 
8 143 96 47 3.6 
160 86 48 3.7 double nephrectomy 


The washings from the peritoneal cavity have been examined 
for the presence of the ordinary urinary constituents. We have 
identified phosphates, creatinin, urochrome, urea, sulfates, chlorides 
(in excess of the amount in the wash fluid) and traces of protein. 


Illinois Section. 


Northwestern University Medical School, May 24, 1932. 
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Pain: Time of Occurrence Following Temporary Coronary 
Occlusion. 


DON C. SUTTON anp H. C. LUETH. (Introduced by A. C. Ivy.) 


From Northwestern University Medical School. 


Lewis,’ by an ingenious method, studied the time factor in the 
production of pain following temporary complete obstruction of the 
brachial artery. After an interval of 70 to 75 seconds, obstruction 
of the brachial artery caused unbearable pain. He thinks that dur- 
ing this interval a change in metabolites may be the factor in pro- 
ducing pain and has called this the ‘“‘P-factor’”. Lewis used as a 
criterion of pain, that unbearable end point in order to eliminate the 
psychic factor. In our earlier experiments when the coronary artery 
was temporarily occluded, pain was observed immediately.” * The 
question raised by Lewis as to the discrepancy apparent between the 
results by different methods of study suggested further investigation. 

Method. 20 dogs were used. Briefly, the chest was opened un- 
der ether anesthesia, and artificial respiration given at once. The 
pericardium was exposed, opened, and a tough linen suture passed 
around the ramus descendens branch of the left coronary artery as 
close to its origin as was technically possible. This suture was 
passed through a flanged glass tube, a purse string suture held the 
tube firmly in place in the pericardium and prevented an open pneu- 
mothorax. The chest wall with the tube projecting was tightly su- 
tured. After a period of not less than 4 hours following the com- 
pletion of the operation, traction on the suture will occlude the ves- 
sel and produce a painful response. At the conclusion of all experi- 


1 Lewis, Sir Thomas, Arch. Int. Med., 1932, 49, 713. 

2 Sutton, Don C., and King, W. W., Proc. Soc. Exp. Bron. anp Merp., 1928, 
25, 842. 

3 Sutton, Don C., and Lueth, H. 0., Arch. Int, Med., 1930, 45, 827. 
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ments the animals were sacrificed and the position of the ligature 
verified by postmortem examination. 

Results. The typical result is that of immediate pain response 
to slowing of blood flow during constriction. The time interval is 
too short to be easily accurately measured. There is a variability in 
different animals as to the degree of response dependent upon a 
number of factors. The time of complete recovery from anes- 
thesia varies in different animals. In those animals in which 4 
hours or more elapsed from the time of operation a well-defined 
pain response occurred immediately, or within 3 seconds following 
operation. When less time was allowed for recovery the pain re- 
sponse was delayed and not as clearly defined. There is an occa- 
sional animal in which the response to any form of pain is slight 
or delayed. Under these conditions the longest interval recorded 
was 14 seconds in one dog, in the remainder the interval was not 
longer than 3 seconds. In most cases repeated attempts decreased 
the time of response, so that after many trials they so closely fol- 
lowed obstruction that the exact interval could not be measured. 
One animal showed an instantaneous painful response followed by 
a period of unresponsiveness, which lasted several minutes, after 
which the pain could be provoked as promptly as ever. Careful 
autopsy examination failed to furnish any clue to explain this 
reaction. 

This apparent discrepancy in the time required to produce pain 
by the method of Lewis and that employed by us appears to be 
mainly the question of the definition of pain. The dog probably 
responds to a much less degree of stimulation than that endured by 
an individual during the experiment of Lewis; in fact, this is evident 
on sustained coronary vessel compression. Secondly, when one con- 
siders the difference in degree of shock observed in coronary occlu- 
sion and occlusion of a peripheral artery, it is not improbable that 
the pain of cardiac muscle differs from that of voluntary muscle. 
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The Beneficial Effect of Mucin and Chondroitin in Experimental 
Liver Damage. 


L. A. CRANDALL, JR., G. M. ROBERTS anp J. W. GIBBS. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School. 


Kim and Ivy’ have observed that mucin prevents ulcers and 
greatly reduces weight loss in biliary fistula dogs while alkali therapy 
also prevents peptic ulcer but does not moderate the impairment of 
nutrition. This, together with improvement in nutrition observed 
by those who have employed mucin in the therapy of human peptic 
ulcer, suggests that this substance, in addition to having a local 
action in the bowel, may play a role in metabolism. Of interest in 
this connection is the fact that many of the conditions in which 
chronic ulcer develops in the dog are associated with liver damage, 
biliary fistula, bile duct ligation, pancreatic duct ligation, Eck fistula, 
and cinchophen poisoning. It seemed worthwhile to study more 
specifically the effect of mucin on the nutritional state of animals 
with hepatic damage in which ulcer does not occur as frequently as 
in biliary fistula dogs. 

A series of 9 dogs with ligation of the common bile duct were 
studied. Of these, 4 were kept as untreated controls and 5 were 
given 60 gm. of mucin once daily. In addition, 2 Eck fistula dogs 
that had lost weight post-operatively were given the same amount 
of mucin daily. All were kept on the stock diet of corn-meal made 
to a mash with bone soup and bread, and with a small amount of 
horse-meat added. 

This series is too small to allow of definite deductions. However, 
in view of our previous experience with such animals, the results 
are so striking that it is felt a preliminary report is warranted. The 
control animals ran the usual course, losing 30, 33, 26, 35%, average 
31%, of their weight in 30 days, while the mucin-fed dogs lost 11, 
7,7, 2, 10, or an average of 7.3%, in the same time. The increases 
in weight of the Eck fistula dogs fed mucin are given in Table I. 

This effect of mucin could be due to its local action in increasing 
absorption from the gastro-intestinal tract. It seemed more likely, 
however, that it is due to some constituent of the mucin. Since 
glucuronic acid is contained in the mucoitin fraction of the mucin 
molecule and since glucuronic acid is used by the liver in detoxifi- 


1 Kim, M. S., and Ivy, A. C., Proc. Soc. Exp. Bron. AnD Mup., 1932, 29, 686. 


Mucin 1n Liver DAMAGE 1083 


TABLE I. 
Kek Fistula Dogs on Muein and Chondroitin Feeding. 
Mucin Chondroitin 
No. 1 No. 2 No.3 No. 4 
kg. kg. kg. kg. 
Preop. U7.7, 11.4 15 22.4 
Before mucin 15.4 8.6 11.4 18.1 
After mucin 
‘Days 
14 15.6 8.7 19.2 
18 12.6 19.5 
30 13.6 
44 18.4 9.7 
80 19.1 10.5 
110 11.3 


cation, we attempted to prepare mucoitin from mucin. This pro- 
cedure was unsatisfactory since the yield is small. Chondroitin 
sulphuric acid, however, was prepared from cartilage in large 
amounts by modification of the method of Levene which avoided 
the use of barium carbonate, since we found it impossible to remove 
the last traces of barium when the material was prepared by the 
original method. 

Chondroitin sulphuric acid was fed to 2 Eck fistula dogs in 
amounts of 1 gm. per day and resulted in weight increases as given 
in Table I. The usual course of the Eck fistula dogs, as observed in 
more than 60 animals in this laboratory by one of us (L.A.C.) in the 
last few years, is a progressive post-operative loss of weight which 
may proceed to death or may stabilize when the animal has lost from 
10 to 40% of its original weight. The animals used in the present 
experiment were either maintaining their weight at considerably 
below the pre-operative level or were still losing. A spontaneous 
gain in weight in such animals is extremely rare. 

In addition to the weight gains marked changes in the appetite 
and activity were observed and the dogs fed with mucin or chon- 
droitin sulphuric acid became more vigorous and ate much better 
than did the controls. 


1084 PROCEEDINGS 


6228 “ 


Observations on a Physiologically Active Substance Appearing 
During Anaphylactic Shock. 


ERIOH GEBAUER-FUELNEGG, CARL A. DRAGSTEDT anp 
RALPH B. MULLENIX. 


From the Department of Research Bacteriology and the Department of Physiology 
and Pharmacology, Northwestern University Medical School. 


We have previously reported’ observations on the appearance of a 
physiologically active substance in the thoracic duct lymph and the 
inferior vena cava blood of dogs during anaphylactic shock. It was 
reported that this substance had the property of contracting the 
smooth muscle of the guinea pig intestine, and that this contraction 
was observed equally well in the intestine of guinea pigs immunized 
to the antigen used in sensitizing the dogs. In this respect the nature 
of the active substance appears to be somewhat different from the 
“hepatic anaphylatoxin” of Manwaring and his coworkers.’ 

Preliminary observations on the nature of the active 
substance occurring in the thoracic duct lymph and the in- 
ferior vena cava blood show it to have the following character- 
istics. The active substance is dialyzable, indicating that it has a 
small molecular size. Using a 3-compartment electro-dialyzer the 
active substance concentrates in the basic compartment showing 
it to be of basic nature. The intensity of physiological activity and 
the Pauly reaction are parallel and the physiological activity is neu- 
tralized after condensation with diazotized sulphanilic acid. This in- 
dicates that the activity is associated with an imidazole compound. 
Pharmacological observations with the active substance indicate 
that it depresses the blood pressure of an etherized, atropinized cat; 
and while contracting the smooth muscle of the guinea pig intes- 
tine has no effect on the intestine of the mouse. In this respect it 
resembles histamine.* A characteristic wheal is produced in human 
skin by endermal inoculation of an active dialysate. Additional 
chemical and pharmacological investigations are in progress, but it 
may be stated that at the present time we have made no observations 
which are incompatible with the assumption that the active sub- 
stance may be histamine. 

1 Dragstedt, C, A., and Gebauer-Fuelnegg, E., Proc. Soc. Exp. Bion. AND 
Mep., 1932, 29, 891. 

rs ey W. H., Marino, T. C., McCleave, T. ©., and Boone, T. H., J. 
Immunol., 1927, 18, 319. 


3 Wedum, A. G., and Gebauer-Fuelnegg, E., Proc. Soc. Exp. Bion. AND MED.,. 
1932, 29, 888, 
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Chemical Inactivation of Histamine. 


Kh. GEBAUER-FUELNEGG. (Introduced by ©. A. Dragstedt.) 


From the Department of Research Bacteriology, Northwestern University 
Medical School. 


The inactivation of histamine can be accomplished by a variety 
of means. Some of its physiological actions are antagonized by a 
proper dosage of adrenalin or related compounds. A specific oxi- 
dative enzyme—histaminase—is found in certain organs capable of 
destroying the base.’ The addition of formaldehyde to surviving 
smooth muscle preparations previously contracted by histamine was 
shown to relax the muscle. As an explanation the formation of a 


1 — .003 mg. Histamine-2 HCl. 2 = 1.0 mg. Histamine + 2 mols. Pauly. 
Fig. 1, 


1 Best, C. H., and MeHenry, B. W., J. Physiol., 1930, 70, 349. 
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physiologically inactive histamine-formafdehyde complex was pos- 
tulated.2 The following observation is an addition to the above 
list of inactivation methods. 

It was found, that if to histamine solutions of known concentra- 
tion are added 2 mols. of diazotized sulfanilic acid in the presence of 
Na.CO, the resulting dye (Pauly’s reaction) will not contract the 
surviving intestinal strip of the guinea pig if the solution is brought 
to a physiological pH. On the other hand an insufficient molar 
quantity of the diazonium compound will cause only a partial inac- 
tivation of the base. This observation was found to be useful when 
the presence of histamine is suspected in biological extracts, etc. 
Because of the possibility that the tyramine-diazotized sulfanilic 
acid condensation product would also result in an inactivation of the 
tyramine or an analogous effect might be observed if smooth muscle 
contractive protein split products were treated as above, this test 
should be taken only as additional evidence for the presence or ab- 
sence of histamine. 
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Gelatin as an Opsonizing Substance. 


W. J. NUNGESTER anp SAMUEL LIPSTEIN, 


From the Department of Bacteriology and Patten Research Laboratories, 
Northwestern University Medical School. 


Since the introduction of the term opsonin by Wright and Doug- 
las the conception of the mechanism of action of opsonins has 
rather constantly tended to point toward a deposition of such sub- 
stances on the surface of the particle to be phagocytized. Recent 
studies are well exemplified by the experiments of Mudd, Lucke, 
McCutcheon and Strumia,’ who have shown that the globulin frac- 
tion of immune sera contains a substance or substances which will 
unite with the antigen, bacterial cells or inert colloidal particles 
coated with a protein, in such a fashion that surface properties of 
the antigen as cohesiveness and cataphoresis are altered in associa- 
tion with such immunological reactions as agglutination and in- 
creased phagocytosis. 


2 Kendall, A. I., J. Infect. Dis., 1927, 40, 689; see also ref. 1. 
1 Mudd, Lucké, McCutcheon and Strumia, J. Hap. Med., 1929, 49, 779; 1930, 
52, 313. 
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If phagocytosis is stimulated by such a coating on the surface of 
the antigen, as Mudd and his coworkers postulate, it might be possi- 
ble to use substances other than serum or its various protein frac- 
tions to so prepare the surface of the antigen for phagocytosis. Since 
the completion of our work Freund’ has published his experimental 
studies in which he used tannin and observed phagocytosis of red 
blood cells in the absence of serum. He was thus able to repeat the 
earlier experiments of Reiner and Koppz.* 

Since gelatin has long been used to coat particles of one sort or 
another with a view of altering their surface physics we began our 
experiments using this substance. We employed a commercial bac- 
teriological sheet gelatin made up in saline to the designated con- 
centration and adjusted to pH 7.4. The results were also confirmed 
with a second gelatin furnished by Dr. Gebauer-Fuelnegg and pre- 
pared from the skin of hogs by mild chemical extraction. 

In our first experiments we made use of the Wright capillary 
pipette method estimating the percent of polymorphonuclear cells 
showing phagocytosis, after 15 minutes incubation at 37°C. This 
method was soon abandoned because it was noted that the blood cells 
in the presence of gelatin tended to settle out on standing. A method 
was made use of in which the reacting substances were pipetted 
into small paraffined tubes which were subjected to gentle mechanical 
agitation in a water bath for 15 minutes after which smears were 
made and examined in the usual fashion. Our first experiments’ 
were done with a suspension of living staphylococci but we later 
used a killed suspension of Streptococcus scarlatinae as described by 
Jung and Day.* 


TABLE I. 
Varying Concentrations of Normal Serum and Gelatin as Opsonizing Agents. 
% Concentration of Serum 100 50 25 12.5 6.2 
% Phagocytosis 35 24 17 16 16 
% Concentration of Gelatin 10 5 4 ke Ceaey 1 0.5 
% Phagocytosis 36 30 25 26 32 19 8 


Saline control—4% Phagocytosis. 


The table shows the effect of varying concentrations of gelatin 
or human serum on the phagocytosis of the killed streptococcus 
suspension. In experiments of this type 0.05 cc. of the opsonin 
(serum or gelatin dilution) or saline in the control, 0.05 cc. of bac- 
terial suspension and 0.10 cc. of washed human blood cells were the 


2 Freund, J., Proc. Soc. Exp. Bron. anD MeEp., 1929, 26, 876. 
3 Reiner and Koppz, Z. f. Immunitdts., 1929, 61, 397. 
4 Jung and Day, Proc. Soc. Exp. Bion. AnD Mep., 1931, 28, 1080. 
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quantities employed. These results indicate that gelatin can serve 
as an opsonin increasing the phagocytosis from 4% in the saline 
control to 36% in the case of 10% gelatin. Although in this par- 
ticular experiment the gelatin curve happens to indicate a slightly 
greater phagocytosis with the concentrations of gelatin used than 
with the serum, in many of our experiments, when undiluted serum 
and gelatin in 2% or 3% concentrations were compared, the phago- 


cytosis in the serum usually ran from 30% to 40% while the gelatin 


results ranged from 20% to 30%. The saline controls rarely 
showed more than 5% phagocytosis. 

We have tried a limited number of other substances with a view 
of explaining the mechanism of the opsonic action of gelatin. 

Fresh white of egg in concentrations of 12% or less has failed 
to give any evidence of aiding phagocytosis in the absence of serum. 
Even in concentrations of 25% to 50% the egg white yielded nega- 
tive results except on one occasion when 16% phagocytosis was ob- 
served with a 1-1 dilution. Since the relative viscosity of a 25% egg 
white solution is greater than that of a 2% gelatin solution, viscosity 
may not be the important factor in explaining the action. 

The buffer values of nutrient broth, 1% gelatin and saline, were 
compared and found to decrease in that order. Since phagocytosis 
takes place in the presence of 1% gelatin and is absent in the pres- 
ence of the more highly buffered nutrient broth, it is possible that 
the buffering value of the gelatin is not sufficient to explain its action 
as an opsonic substance. 

Attempts have been made to wash bacterial cells sensitized with 
gelatin but the results indicate that the gelatin is easily removed by 
washing. Hektoen’ has shown that in immune serum as well as 
in normal serum the heat stabile opsonic substance is firmly held to 
the bacterial or blood cell surface despite washing and, although 
alone has little effect on phagocytosis, with a small amount of nor- 
mal serum greatly increases phagocytosis. We were unable to 
demonstrate that gelatin possessed any analogous property. 

Conclusion. We have shown that washed human polymorpho- 
nuclear leukocytes will phagocytize staphylococci or streptococci 
in the presence of gelatin without the addition of serum. 


5 Hektoen, J. Inf. Dis., 1909, 6, 66. 
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Postural Reactions in Cats Following Destruction of Both Red 
Nuclei. 


W. R. INGRAM anp S. W. RANSON. 


From the Institute of Neurology, Northwestern University Medical School. 


In the course of experiments to throw light upon the relation of 
the red nucleus to postural reactions, the Horsley-Clarke’ stereotaxic 
instrument was used for the stimulation as well as destruction of 
this structure in cats. No postural responses could be obtained from 
the red nucleus upon direct stimulation, although the areas of the 
reticular formation dorsal and lateral to it gave reactions of a coor- 
dinated type affecting limbs and trunk.* Destruction of the nucleus 
bilaterally by electrolysis, with a minimum of damage to tissues 
elsewhere in the brain stem, produced in both acute and chronic 
experiments preparations which were able to right themselves, stand, 
and walk in an efficient, if somewhat dysmetric, manner. The right- 
ing mechanism did not depend upon visual reflexes, as shown by 
experiments in which these were eliminated by enucleation. The 
gait of the animals was marked by some asynergia, probably trace- 
able to involvement of the brachimwm conjunctivum and hence the 
cerebellum. There was also a certain amount of stiffness, and in 
many cases the balance of tonus was noticeably in favor of the 
extensor muscles. Under suitable conditions, as when the animal 
was suspended in a hammock, or supine, slight increase of extensor 
tonus could be definitely shown by the presence of the positive 
stutz reaction or resistance to passive flexion in each limb. This 
extensor hypertonus was not of sufficiently high grade to interfere 
with the normal activities of the animal. In general, these experi- 
ments may be said to indicate that while the red nucleus plays an 
important role in the regulation of postural tonus, it is but a part 
of a more complex system devoted to this important function, 


1 Ingram, Ranson and Hannett, J. Neurol. and Psychopath., 1932, 12, 219. 
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Neutralization of Poliomyelitis Virus by the Serum of Liberian 
Negroes. 


N. PAUL HUDSON anp EDWIN H. LENNETTE. 


From the Department of Hygiene and Bacteriology, University of Chicago. 


Epidemiological studies of acute anterior poliomyelitis in the 
United States have suggested that the virus of this disease is more 
widespread than is indicated by the incidence ot clinical cases 
(Frost,' Aycock’). Aycock and Kramer’ interpreted the high pro- 
portion of serums from “‘normal’’ persons of Georgia that neutra- 
lized the virus, as meaning that a large number of persons in the 
Southern United States are exposed to the virus, thereby acquiring 
an immunity with a low attack rate. They concluded that the ex- 
tent of the distribution of the virus in warmer climates is equal to 
that in cooler climates. Soule and McKinley* have reported that of 
8 Porto Ricans without history of attack or exposure to this dis- 
ease and whose serums were examined for their neutralizing prop- 
erty, all gave positive results. 

The understanding of the epidemiology of poliomyelitis is as- 
sisted by studies in the geographical distribution of the disease. It 
occurred to us that we might get data by examining the serums of 
“normal” natives of West Africa for neutralizing properties. We 
obtained specimens through the courtesy of Dr. J. B. Rice of the 
Firestone Plantations of Liberia and Dr. W. A. Sawyer of the In- 
ternational Health Division of the Rockefeller Foundation. The 
technic is that which has been standardized for similar purposes in 
this laboratory, with the use of the virulent Rhoads’ PMV strain of 
virus. One part of 1.25% suspension of monkey cord is mixed 
with 3 parts of serum; the mixture is incubated 2 hours at 37°C. 
and held in the refrigerator over night. Two cc. of the mixture 
is injected intracerebrally into Macacus rhesus. Temperatures and 
observations are recorded daily for 6 weeks. 

Ten specimens have been examined. Eight of the test animals 
showed no symptoms and survived. A ninth monkey and the con- 
valescent serum control monkey had a facial paralysis and survived 


1 Frost, W. H., Hyg. Lab. Bull., No. 90, 1913, Washington, D. C. 

2 Aycock, W. L., J. Prev. Med., 1929, 3,,245. 

3 Aycock, W. L., and Kramer, 8. D., J. Prev. Med., 1930, 4, 201. 

4 Soule, M. H., and McKinley, E. B., Proc. Soc. Exp. Bion, AnD Mep., 1931, 
29, 168. 
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without other symptoms or a febrile rise. The tenth animal and the 
virus control died of experimental poliomyelitis. 

The age distribution of serum samples is: two 15 years, one 16, 
one 18, two 20, and one each of 23, 25, 26, and 35 years. The per- 
son furnishing the negative specimen was 25 years of age. An 
inquiry into the incidence of this disease in Liberia disclosed a lack 
of recorded data on the subject. Rice’ writes that he has not seen 
or heard of poliomyelitis cases but points out that his practice is 
confined to adult employees; he adds that the infrequent paralyses 
seen might be interpreted as following this condition. Strong and 
Shattuck® have encountered several cases of probable poliomyelitis 
in Liberia. Johnson,’ Director of the Medical and Sanitary Service 
of Nigeria, British West Africa, informs us that acute cases of polio- 
myelitis are occasionally observed in the natives of that region. 

The significance of the neutralization test in this connection im- 
plies that it is a specific immune reaction, which has yet to be estab- 
lished. 
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Effect of Pancreatic Juice on Absorptive Mechanism of the Gall 
Bladder. 


EDMUND ANDREWS, M. GOFF anp L. HRDINA.* 
From the Department of Surgery, University of Chicago. 


Wolfer’ showed that pancreatic juice injected into the gall blad- 
der of the dog caused marked histologic changes in the wall of the 
viscus. The possibility of this being the cause of cholecystitis clin- 
ically was thoroughly discussed by him. The secretory pressure of 
the pancreas is much higher than that of the liver’ and in case of 
blockage of the ampulla by stone, anatomic arrangements are such in 
a high percentage of human subjects that the gall bladder might fill 
with pancreatic secretions.® * 


5 Rice, J. B., personal communication. 

6 Strong, R. P., and Shattuck, G. CS Harvard African Exped., 1926-27. Har- 
vard Univ. Press, Cambridge, 1930, 1, 360. 

7 Johnson, W. B., personal communication. 

* The work was done in part under a grant from the Rosenwald Foundation. 

1 Wolfer, J. A., Surg., Gyn. and Obstet., 1931, 58, 433. 

2 Dragstedt, L. R., personal communication. 

3 Cameron, A. L., and Noble, J. F., J. Am. Med. Assn., 1924, 87, 1410. 

4 Westphal, K., Z. f. klin. Med., 1929, 109, 55. 
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Our studies on 19 dogs were aimed tg,determine if the presence 
of pancreatic juice would affect the permeability of the gall blad- 
der to the constituents of the bile, especially the bile acids. The 
pancreatic juice (kindly furnished by Dr. L. R. Dragstedt) was 
activated and contained about 1000 units. It was injected directly 
into the gall bladder by needle puncture in some cases, in others, 
through a ureteral catheter up the common and cystic duct. Four 
cc. were used. The duration of the experiments was 4 days. The 
results were as follows: 

1. Pathological changes of mild degree were evident in the gall 
bladder wall in most cases. These, however, were not marked. The 
susceptibility of the dog’s gall bladder to slight stasis and infective 
influences, as we have previously noted’ is so marked that it would 
be hazardous to assert that the changes found were not due to the 
manipulations. 2. In some experiments the juice was Berkefeld 
filtered. In these experiments the pathological and chemical changes 
were much less than from the unfiltered juice. 3. The average chol- 
esterol content of the bile was not reduced, but the concentration of 
bile acids was reduced to less than one-third of the values found in 
control experiments. This is in addition to the fact that the total 
fluid contents of the gall bladders was considerably less than normal. 
4. In 5 experiments with unfiltered juice all the bile salts had been 
absorbed, leaving the cholesterol precipitated. 5. In im vitro experi- 
ments with mixtures of bile and pancreatic juice, no such changes 
were found indicating that in the im vivo experiments the bile salts 
were absorbed and not destroyed. 

Conclusion. The presence of pancreatic juice in the dog’s gall 
bladder causes a marked differential absorption of bile salts at the 
expense of cholesterol, and hence tends to precipitate the latter. 


5 Andrews, E., and Hrdina, L., Arch. Surg., 1931, 28, 201. 
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Action of Human “‘Pernicious Anemia Liver Extract.”’ 


O. RICHTER,* A. C. IVY anp M. 8. KIM.t 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School. 


How the antianemic principle in liver which is active in pernicious 
anemia produces its effect is not known. Neither is it known 
whether the active principle is stored and depleted, like certain vita- 
mins, nor if the liver in vivo secretes it in a hormone-like manner 
for the purpose of governing hematopoiesis. It was considered 
desirable to ascertain whether the liver of a pernicious anemia pa- 
tient contains the antianemic principle. Since an opportunity to 
perform 2 experiments bearing on this question occurs so rarely at 
present, we desire to record the results we have obtained. The 
livers of 2 pernicious anemia patients were extracted. The first 
extract was made from a liver of a pernicious anemia patient who 
had received liver extract prior to her death sufficient to produce 
a reticulocytosis, the bone marrow at autopsy showing an active 
hemopoietic response. The liver was extracted and the extract 
administered intravenously to 3 pernicious anemia patients with 
positive results. The second extract was made from the liver of a 
case of pernicious anemia who entered the hospital in a moribund 
condition and died shortly after entrance. Because of her rapid 
exitus, the liver extract she received intramuscularly and intra- 
venously did not produce an active hemopoiesis, which was shown 
by the absence of reticulocytosis and hemopoietic activity in the 
bone marrow. An extract was made from this liver and adminis- 
tered to a pernicious anemia patient subcutaneously with no result. 

Experiment I. A white female patient, 75 years old, entered 
the hospital in a semi-stuporous state. Pernicious anemia had 
been diagnosed 5 years previously. The classical findings with 
achlorhydria and spinal cord complications were present. The pa- 
tient had received therapy in a haphazard manner during the past 
5 years. During the past month she had been confined to bed but 
had received no therapy for a period of months. In addition to the 
presence of pernicious anemia, evidences of cystitis, nephritis, and 
myocarditis were present at this time. The urine was 3 plus for 
albumin and contained many leucocytes. The blood urea was 45.5; 


* Chapell Foundation Fellow. 
+ Eli Lilly Fellow. 
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creatinine, 2.8; blood sugar, 111; red bleod count, 750,000; hemo- 
globin, 27; white blood cells, 3,600; a blood film characteristic of 
pernicious anemia. The patient had a septic temperature and her 
condition became progressively worse. Liver extract for parenteral 
injection not being available, the patient was started on liver ex- 
tract by mouth on September 19th, and was given 1600 cc. of nor- 
mal saline and 1000 cc. of glucose solution hypodermically. The 
patient was given an average of 314 oz. of potent liver extract in 
small divided dosages daily, receiving a total of 42 oz. during the 12 
days of the treatment, each ounce equivalent to 240 gm. of whole 
liver. Because of her poor condition, she was also given 400 cc. 
of whole blood intravenously. The day of the transfusion, or on 
the seventh day of liver therapy, the blood examination revealed 
R.B.C., 1.67; Hb.,41; W.B.C., 9,100; reticulocytes, 25.4%. The 
patient rallied for several days and appeared to be improved but died 
7 days after the transfusion from the complications. An immediate 
autopsy showed generalized severe anemia (pernicious type) ; com- 
bined degeneration of spinal cord; pseudo-membranous cystitis; 
septic tumor of spleen; parenchymatous degeneration of liver, kid- 
neys, and myocardium; severe coronary sclerosis; bone marrow 
showed evidence of hyperactive erythropoiesis with similar em- 
bryonic cells in splenic meshes. 

The liver was immediately extracted by a slightly modified method 
for preparing fraction G (Minot) for intravenous use. Eight hun- 
dred grams of liver were available for extraction. Animal tests for 
toxicity of the prepared extract showed it to be non-toxic for dogs. 
Thirty cc. of the final extract was equivalent to 100 gm. of liver. 

Three patients with pernicious anemia were given the extract 
intravenously to determine whether the active “anti-pernicious 
anemia’ principle is present in the liver of the pernicious anemia 
patient. The 3 patients receiving the extract responded. After the 
response was obtained, the patients were placed on liver extract 
(Chapell, Rockford, Illinois) by mouth, a typical liver therapy 
remission resulting. 

Case 1. Typical case of pernicious anemia. A young woman 
with first relapse of six weeks’ duration. Results recorded in Table 
I show a marked reticulocyte rise following 4 daily injections of 
human pernicious anemia liver extract, a total of 14 cc. intra- 
venously. 

Case 2. An old case of pernicious anemia with several previous 
relapses, who failed to react to liver by mouth. A woman 68 years 
of age. Results in table show a reticulocyte response following 
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TABLE I. 
Response of 3 Pernicious Anemia Patients to Intravenous Administration of Ex- 
tract of Liver of a Pernicious Anemia Patient. 
Case on Liver Therapy Sufficient to Cause Reticulocytosis. 


Patient : Days 
No. Al 2 3 4 5 6 7 8 Co) aa Wang 
1° Dose ee. SH, LEME |S yaa e249) 
Hb % 17 20 23 
RBC 0.89 0.83 1.39 
WBC 3.6 2.8 4.0 
Reticulocytes % 0.2 14 14 16 2.4 3.8 7.4 16.4 27.4 32.6 
2* Dose ee. 3.0 
Hb. % 29 41 44 
RBC 0.89 1.08 1.49 
WBC 4.7 4,3 3.6 
Reticulocytes % 1.4 0 8.4 5.0 4.2 0.4 
3 Dose ce. 40 3.5 3.5 4.0 3.5 
Hb. % 53 57 69 
RBC 1.8 1.86 2.74 
WBC 6.0 5.4 5.6 
Reticulocytes % 0 0 0 0 0.8 2.8 26 18 14 2.4 2.4 0.4 


* Failed to react to liver extract by mouth. 


only one intravenous injection (3 cc.) of human pernicious anemia 
liver extract. 

Case 3. Pernicious anemia with a somewhat higher initial Hb. 
and R.B.C. count in male, 63 years of age, associated with a chronic 
myocarditis. Results recorded in table show no marked reticulo- 
cyte response but a marked increase in Hb. and R.B.C. in 11 days 
following intravenous injections of human pernicious anemia liver 
extract. Also followed by a marked clinical improvement. Patient 
received 5 intravenous injections, a total of 18% cc. 

The results, which are definitely positive, show ,that the active 
antianemic principle in pernicious anemia is present in the liver of 
the pernicious anemia patient recently treated with liver extract by 
mouth. The fact that one patient gave a response with 3.0 cc. of the 
extract (the equivalent of 10 gm. of liver) and the fact that Case 1 
responded very well with 14 cc., leads us to believe that the active 
principle is present in approximately the same concentrations as in 
normal cattle liver. 

Experiment II. A white female patient, 55 years of age, entered 
the hospital in a semi-stuporous state. The history obtained was 
that she had been ailing for the past 4 years. Tachycardia and 
paroxysmal attacks of dyspnea began 4 years ago following an 
illness which at that time was diagnosed as heart disease. Gastro- 
intestinal disturbances were also experienced since then, consisting 
of occasional attacks of anorexia, and diarrhea. She was fairly 
comfortable and able to carry on her daily activities until 7 months 
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ago, when she began feeling weak. The weakness became pro- 
gressively worse so that in the past month she was confined to bed. 
Anorexia and vomiting occurred more frequently in the past months, 
associated with loss of appetite, strength and weight. She had 
never been on any form of liver or liver extract therapy throughout 
her entire illness. 

The essential findings on entrance were an icteric tinge of the 
skin and mucous membranes, an atrophic tongue, a slightly enlarged 
heart, with a rapid, regular apex beat of 160 per minute, and a 
slightly enlarged liver and spleen. The blood and spinal Wasser- 
manns were negative. The urine was negative. The blood urea 
was 32.69; creatinine, 2.05; blood sugar, 136; red blood count, 
810,000; hemoglobin (Sahli), 29; white blood cells, 3,900; and a 
blood film characteristic of a primary anemia of the pernicious type. 
A suitable donor for a blood transfusion was unobtainable. She 
was started on parenteral liver extract, receiving a total of 7 cc. of 
which 4 cc. was given intramuscularly and 3 cc. intravenously. Her 
general condition became worse, the patient expiring 5 days after 
her entrance to the hospital. Daily reticulocyte counts were made, 
but no response was recorded. Autopsy showed severe generalized 
anemia (pernicious type) ; fatty changes and hemosiderosis of the 
liver; severe fatty degeneration of the myocardium; arterio- and 
arteriolosclerosis of the kidneys; atrophy of the gastric mucosa; 
chronic recurrent verrucous endocarditis of the mitral valve with 
insufficiency, hyperplasia of the bone marrow, but no hyperactive 
response as observed in the previous case. 

The liver was extracted as in the previous case. From 2 to 4 cc. 
was injected daily for 9 days subcutaneously into a typical case of 
pernicious anemia. The reticulocyte count was taken daily and a 
complete count at 5 day intervals. The patient received a total of 
31 cc. of liver extract (100 gm.) subcutaneously. Daily reticulo- 
cyte counts were taken, but no response was recorded in 13 days. 
The patient was then given one ounce of Chapell’s liver extract 
t.i.d. by mouth which was followed by the usual hemopoietic re- 
sponse (Table II). 

The results in this experiment show that the liver of this per- 
nicious anemia patient who died before she had received effective 
liver therapy, did not contain the antianemic principle active in 
pernicious anemia. 

The results of these 2 experiments indicate that the “specific” 
antianemic substance in liver is absent from the liver of the patient 
suffering from pernicious anemia and that when the antianemic 


HuMAN Liver EXTRACT 1097 


SB © 21s 

‘ga ri | * ea 

oe a e 

AS % 
ma 

qo 10 co) @o 

nA ri|* oo | 

3 muda 

o1.3 4 

.o-8 ae 

3 Gr} 

cae aot] a 

A'S H ae 

ue, al|* MMe | S 

oe Ne or) ° 

ee ri | * atl ene 

ar] 

Aaass Pa 

a y 

© 9g mr |* (—) E 

os be 

45'S “| 

ea * Slew 

ay Aa = 

5 oOo lire 

Sey, ris| * oO r= 

oO” ww ‘ 

S > 8 eg 

2 tH 

HEH Sox|S8 

Be eo |monn ma 

of all & sh £38 

SHA eS an] ar 
bi nan 
Hons Aol So gs 

op. 

BAD m~ id =) ° 
Bs ga 
mae, & 2 5 
aac SUS S33 
Hes oltaninco| fo 

au of ao) 

o 81° Wo 

Age 1D | oH ean tees 

Bye Pee 
aut 3 Paes 

ae) © | 4 

242 ~ |x i 

ae q O° 

AS ee) Ep 

Bw a | oO So 

ae 58 

w A a jw oO mw 

om Ms 

og on antics 
no © 19 ond 

Sr nmilanniaco |r 

<2 ihe PES 

Be Blog 

so nm | Be 

Bo © mao 

Pee 2k 

H Bm q 

° 2|o8 

wy 3 o |» ° 

lomel 

oF oP Bios 

ro) eo os |es 

Dir. a | SS 
ae lie |SeRb8\e8 

° 

cual 2 AMR A | me 

ne ae fairy ey 

o 6 so ad 

po Ay Aaa iw a 


substance is administered to the pernicious anemia patient the liver 
stores it. This observation denotes that the active principle is sim- 
ilar in certain respects to the vitamins, particularly the “fat soluble” 
vitamins in regard to storage and depletion. Clear cut experimental 
evidence shows that Vitamins A, D, and E are stored and rather 
rapidly depleted, and also that B and G are stored and depleted, the 
evidence not being so clear cut in the case of the latter 2. Vitamin 
C is stored and depleted in the guinea pig, but in the rat either the 
rate of utilization of C is very slow, or it is synthesized or produced 
during digestion. However, the C content of skeletal muscle appar- 
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ently disappears before a detectable change occurs in the liver. The 
fact that the antianemic principle in liver for pernicious anemia is 
present in other tissues, but in less concentration, is analogous to the 
distribution of vitamins, also that a definite latent period precedes 
the development of anemia when liver therapy is discontinued, is 
analogous to the latent period characteristic of vitamin deficiency. 

On the basis of the observations of Castle, which indicate that 
gastric digestion in normal man releases substances from meat that 
have an antianemic value in pernicious anemia, the most logical in- 
terpretation of our results is that the “active principle” of liver is 
not a fixed or integral part of liver protoplasm and may be stored 
and released physiologically by the liver in vivo to govern hemato- 
poiesis. 


6235 
A New Disease of Moose. II. 


G. I. WALLACE, LYELL J. THOMAS, ALVIN R. CAHN. 
(Introduced by F. W. Tanner.) 


From the Department of Bacteriology and the Zoological Laboratory, Uniwersity 
of Illinois. 


Thomas and Cahn’ described a new disease of moose (Alces 
americana americana) in northern Minnesota. The symptoms of 
the disease were described, with the associated blood picture. Trans- 
planting ticks (Dermacentor albipictis) from an infected moose to 
guinea pigs and rabbits produced a disease showing identical symp- 
toms, with the same associated blood picture as in the moose. Pro- 
found cellular changes in the blood elements and the presence of 
bacteria were mentioned. The organism was isolated. The cellular 
changes will be discussed in the final report; the present paper deals 
with the isolated organism. 

The first recognized bacteria-like organism was found in smears 
of the intestinal contents of ticks engorged with the blood of dis- 
eased moose. With a modified Wright stain these organisms showed 
a capsulated coccoid bacterium. This intestinal content was cul- 
tured on dextrose agar, and the organism isolated. A saline sus- 
pension of this pure culture was inoculated intravenously into 


1 Castle, Am. J. Med. Sci., 1929, 178, 748, 764. 
1 Thomas, L. J., and Cahn, A. R., J. Parasit., 1932, 18, 4. 
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guinea pigs and rabbits, and all ot the experimental animals died 
within 28 hours, exhibiting symptoms similar to those shown by 
guinea pigs and rabbits infected through the medium of the tick 
itself. The organism has been repeatedly recovered from the liver, 
spleen, lungs, heart, kidney, brain, bone marrow and urinary blad- 
der of inoculated and infected animals. This organism has also 
been inoculated into a bull, a chicken, a ram and a 4-day-old lamb. 
The chicken and the lamb died with symptoms exactly like those 
obtained in the guinea pigs and rabbits. In the case of the bull, 5 cc. 
of the culture was given intravenously. Within one hour after the 
injection very definite disturbances were noted, including a marked 
physical depression, listless drooping, labored respiration followed 
by lung hemorrhages, coughing and bloating. For 3 days the bull 
ran a high temperature, reaching 105.8°. Four days later the bull 
was normal to all outward appearances. However, blood smears 
taken 8 days after the inoculation, reveal a picture typical of the 
diseased moose and very similar to the blood picture of the infected 
guinea pigs and rabbits. Blood cultures made at this time yielded 
an abundant growth of the organism. The work on the ram and 
the bull is being continued. 

The fact that some of the rabbits and guinea pigs died within 
an hour following the injection of the culture, together with the 
observations on the bull, lead the writers to suspect the action of a 
toxin. Consequently a 5-day-old broth culture was filtered and 
the sterile filtrate inoculated into a rabbit, a lamb and a chicken. 
The rabbit died within an hour, with symptoms identical with those 
shown in the rabbits receiving the culture injection. In the chicken 
the symptoms were identical with those shown by the chicken re- 
ceiving the culture, for a period of about 214 hours following the 
injection; then, however, the toxin chicken showed definite signs of 
recovery, and in 36 hours was apparently normal. The lamb acted 
in a manner comparable to that of the bull. 

The culture was fed to guinea pigs, and on the 6th day after 
feeding, one animal showed a periodic paralysis of the hind legs.* 
Subcutaneous injections of the culture produced light symptoms 
similar to those produced in animals receiving intravenous injec- 
tions. One pig received the injection along the mid-dorsal region 
of the back, directly over the spine, and showed more definite symp- 
toms than the one which received the injection in the inguinal region. 
After 3 days the symptoms gradually diminished. The experiments 
involving subcutaneous injections and feeding are being enlarged 
and continued. 


. 
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The organism has been repeatedly isolated from ticks taken from 
a diseased moose. It has also been isolated from guinea pigs which 
died after the tick Dermacentor albipictis from a diseased moose 
had engorged upon them. In every case in which death followed 
the injection of the culture, the organism has been reisolated. It 
grows very abundantly on all ordinary laboratory media. Its cul- 
tural reactions are now being studied. It may be stated that it is a 
vigorous fermentor, is capsulated, and that it apparently produces 
a toxin. The bacterium is a rod form with a tendency to assume a 
coccoid shape. The growth on agar is excessively mucoid; in broth 
it grows very well throughout the medium with a great deal of sedi- 
mentation. It produces Beta hemolysis on blood agar. Growth is 
exceedingly rapid, covering the entire surface of an agar slant with- 
in 5 hours. Indications are that it may be a member of the Kleb- 
siella group. 
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Chemical Changes in Infected Dogs’ Gall Bladder Bile.* 


L. E. DOSTAL anp EDMUND ANDREWS. 
From the Department of Surgery, Uniwersity of Chicago. 


Previous experiments’ have been reported showing that bile salts 
are absorbed faster than cholesterol from the infected dog’s gall 
bladder. The importance of this lies in the fact that it is the bile 
salts that hold the cholesterol in solution and if the ratio falls below 
a certain critical level, cholesterol will be precipitated out of the 
bile. In former experiments the cystic ducts were closed so that no 
more bile could enter the gall bladder. In the experiments here re- 
ported the ducts were not ligated so that it was possible for bile 
continually to pour into the gall bladder and further concentration 
of cholesterol to occur, while the bile salts are progressively ab- 
sorbed. 

Streptococci and filtered emulsions of dog feces were used, the 
latter instead of pure cultures as they represent a better cross section 
of the intestinal flora. The injections were made by needle punc- 

* This work was done in part under a grant from the Douglas Smith Foun- 
dation for Medical Research. 


1 Andrews, E., Schoenheimer, R., and Hrdina, L., Proc. Soc. Exp. BioL. AND 
Mep., 1931, 28, 945. 
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ture and by insertion of a ureteral catheter up the common duct into 

the gall bladder. In the latter cases the common duct was ligated at 

the site of injection. The accompanying table shows that the bile 

salt content was reduced on the average to about 25% of normal 

figures while the cholesterol content was approximately doubled. 
TABLE I. Injection of Bacteria into Dog’s Gall Bladder. 


Figures for bile salts and cholesterol in mg. per 100 ce. Duration of experi- 
ments, 4 days. 


No. of B.S. Chol. B.8./ 
Exps. Chol. 
4 2 ce. cloudy suspension of streptococcus injected up 
common duct into gall bladder with catheter 1706 92 19 
2 2 ec. same through needle puncture into lumen 1545 111 14 
4 2 ee. filtered emulsion dog feces up duct 88 86 1 
3 2 ec. same into lumen 217 118 2 
2 2 ec. same subserous 1230 300 4 
Average 893 126 7 
81 Normal controls 3630 55 66 


In vitro control experiments show that no such changes are ef- 
fected by the action of bacteria on bile. 

That this rise in the cholesterol content is not due to secretion of 
cholesterol by the gall bladder wall is shown by the previously re- 
ported series of 57 experiments in which closed infected gall blad- 
ders showed no increase in the cholesterol content. 

Conclusion. The infected gall bladder of the dog absorbs bile 
salts and continues to concentrate cholesterol to levels at which it 
can no longer be held in solution by the bile salts. 
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Influence of Saponin on Absorption of Calcium Salts from the 
Intestine. 


F, C. STERNASTY anp N. M. FELICELLI. (Introduced by T. E. Boyd.) 


From the Department of Physiology and Pharmacology, Loyola Uniwersity Schoot 
of Medicine. 


We have followed the curve of blood calcium concentration in 
normal dogs following the administration of calcium lactate in 
quantities of 0.5 or 1.0 gm. per kilo body weight, given in water 
solution, 20 cc. per kilo, with the addition of saponin in concentra- 
tions varying from 1.0 to 0.01%. ‘Two preparations of saponin 
were used, Merck’s purissum album and Morgan’s. In control 
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experiments carried out on the same animals one week previously, 
the calcium lactate solution was administered without saponin. 

The method of determining the plasma calcium content was that 
of Kramer and Tisdall as modified by Tweedy and Koch’ and 
by Pincussen and Schimmelpfeng.’ 

The initial blood calcium values in 48 experiments, showed a 
mean of 11.4 mg. + 0.069 mg. The maximum reached in 24 con- 
trol experiments was 13.65 mg. + 0.157 mg. The maximum reached 
in 24 saponin experiments was only 13.92 mg. + 0.134 mg. 

There was no evidence that the duration of the rise in blood cal- 
cium was effected by saponin. If the blood calcium curve can be 
taken as an index of calcium absorption, the influence of saponin, in 
the dog, appears to be negligible. 

Positive effects have been reported in studies on the isolated in- 
testine of the guinea pig,® on mice,* and on man.” The recent studies 
of Wokes,® however, have failed to confirm some of the earlier 
work. 
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A Method for Estimation of Both Bile Salts and Cholesterol in Small 
Amounts of Bile. 


EDMUND ANDREWS anp LEO HRDINA. 
From the Department of Surgery, University of Chicago. 


In experimental and human studies on the chemistry of the bile, 
it often happens that only very small amounts of bile are available in 
the gall bladder, as the contents of the diseased viscus are frequently 
very scanty. It is in these very ones that analysis of the bile may 
be the most important. The following method enables one to deter- 
mine both the bile acids and cholesterol in a single cubic centimeter 
of bile. 

Following the suggestion of Dr. F. C. Koch the marked affinity 
of petroleum ether for bile salts was utilized. The principle is that 


petroleum ether has the power of making a quantitative separation 


1 Tweedy, W. R., and Koch, F. C., J. Lab. and Clin. Med., 1929, 14, 747. 
2 Pineussen and Schimmelpfeng, Biochem. Z., 1927, 1838, 42. 

3 Lasch, F., Biochem. Z., 1926, 169, 301. 

4 Kofler, L., and Fischer, R., Arch. f. exp. Path. u..Pharm., 180, 319. 

5 Berger, F., Tropper, E., and Rischer, F., Klin. Wochenschr., 1926, 5. 

8 Wokes, F., J. Pharm. and Exp. Ther., 1931, 48, 531. 
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of the bile acids and cholesterol in alcoholic solutions. The pro- 
cedure is as follows: 

One cc. of bile is diluted with 6 cc. of alcohol, brought to a boil 
and filtered to deproteinize. The filtrate is then shaken in a separa- 
tory funnel with 30 cc. of petroleum ether and extracted 3 times. 
The alcoholic fraction is then warmed to drive out the petroleum 
ether and used for the bile acid determination. The ether fraction 
(about 100 cc.) containing the cholesterol is placed in an ordinary 
37° incubator and will evaporate to dryness in 30 to 45 minutes, 
as its boiling point is 25° to 65°C. It is then dissolved in chloro- 
form, made up to 5 cc. and used for an ordinary colorimetric chol- 
esterol estimation. The pigments remain in the alcoholic fraction. 

Thirty-five samples of bile, normal and abnormal from dogs and 
humans have been studied for controls of this technique. In no 
case could any test for bile acid be obtained in the ether fraction or 
for cholesterol in the alcohol fraction. 

In 2 cases difficulty in separating the layers in the funnel occurred. 
This in each case was overcome by the addition of 2 drops of water. 
This added water of course stays in the alcohol fraction and must 
of course be taken into consideration in calculation of the bile acid 
content. 

This method had been used in our laboratory before the paper of 
Elman and Taussig* was brought to our attention. They extracted 
the bile with hot alcoholic 3% KOH. Perhaps owing to the lighter 
quality of the petroleum ether used by us (B.P. 25-65), we have 
found the use of either heat or alkali unnecessary. It would, of 
course, partly hydrolyze the bile salts so that the combined analysis 
could not be made. 


1 Elman, R., and Taussig, J. B., J. Lab. and Clin. Med., 1931, 17, 274. 
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Emptying of the Gall Bladder in Monkeys. 


EDWARD A. BOYDEN. 


From the Institute of Anatomy, University of Minnesota. 


It has been clearly shown that in certain species of mammals, such 
as the opossum’ and the rabbit,’ there is little if any emptying of the 
gall bladder after meals, although Walsh reports that partial evacu- 
ation in the rabbit may be induced by cholecystokinin.* 

It is of especial interest, therefore, to ascertain the rate of empty- 
ing of the gall bladder in animals nearest man. Through the cour- 
tesy of Dr. J. C. McKinley, 5 specimens of Macacus rhesus were 


made available for study, and the gall bladder of each visualized: 


first, by intravenous injection of tetraiodophenolphthalein, and af- 
terwards, by direct introduction of lipiodol at the time of lap- 
arotomy. i 

Two of the animals (both of them females) failed to exhibit 
shadows after the Graham test and failed, subsequently, to empty 
the lipiodol after a meal of egg yolk. In one of these there was a 
supracolic peritonitis. In the other, as revealed by serial sections, 
there was a subacute or chronic cholecystitis with marked infiltra- 
tion of plasma cells and lymphocytes, but with intact epithelium. 
This condition is of value as indicating what degree of inflammation 
is sufficient to prevent concentration of the dye. 

In the remaining 3 animals (all males) the gall bladder was read- 
ily visualized and exhibited rapid evacuation of bile after a meal of 
egg yolk. The first one emptied half of its contents in the first 36 
minutes (Graham method) ; the second one, 34 of its contents in 
24 minutes (Graham method), and all of its lipiodol in 32 minutes; 

1 DuBois, F. 8., and Hunt, E. A., Anat. Rec., 1932, 52, 11 (Supplement). 


2 Thompson, F, R., Master’s Thesis, Univ. of Minn., 1932. 
3 Walsh, E. L., Proc. Am. Physiol. Soc., 1932, 101, 
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the third one evacuated most of its lipiodol in 27 minutes and dis- 
posed of the rest within the next 19 minutes. Nothing comparable 
to this initial rate of emptying has been found in any other species 
except man* and definitely establishes the supremacy of the primate 
gall bladder. 
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Alterations of Protein Distribution Between Corpuscles and Plasma 
by Isotonic and Hypertonic Solutions. 


C. J. BELLIS anp F. H. SCOTT. 


From the Department of Physiology, University of Minnesota. 


One of us (Scott*) observed that upon the addition of isotonic 
saline to whole blood in vitro, the total protein of the plasma was 
greater than in the original plasma; in other words, some protein 
had entered the plasma from the corpuscles. We have repeated 
these experiments and confirmed the observations as regards iso- 
tonic solutions, but when hypertonic solutions are used, the reverse 
occurs; there is a decrease in the total plasma protein, indicating 
that some protein had entered the corpuscles from the plasma. When 
hypertonic solutions were added to plasma alone, a decrease of pro- 
tein did not occur, the total protein in the diluted specimen cor- 
responding to the total in the control. Whether isotonic or hyper- 
tonic solutions were added to blood, the non-protein nitrogen of the 
plasma invariably increased. 

The principle used was that employed by Scott. The corpuscle 
and plasma percentages were determined in duplicate by the hema- 
tocrit. The nitrogen determinations were made in duplicate by the 
modified micro-Kjeldahl method of Cavett,’ including the use of 
- H.O,° to complete the oxidation. 0.8 cc. of plasma was used for 
the total nitrogen determination and what would be equivalent to 
2.5 cc. of plasma for the non-protein nitrogen, the protein-free fil- 
trate being prepared according to the tungstic acid precipitation of 
Folin and Wu.* Duplicate blanks were run in all the determinations. 


4 Boyden, HE. A., Anat. Rec., 1928, 40, 147. 

1 Scott, F. H., J. Physiol., 1915, 50, 128. 

2 Cavett, J. W., J. Lab. Clin. Med., 1931, 17, 79. 

3 Koch, F. 0., and MeMeekin, T. L., J. Am. Chem. Soc., 1924, 56, 2066. 
4 Folin, O., and Wu, H., J. Biol. Chem., 1919, 81, 38. 
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cedure involved the use of CaCl, as a diluent, in which case defibrin- 
ated blood was used. Similar results were obtained with either type 
of blood. 

A typical experiment is outlined below: 


Oxalated ox blood. 68.25% plasma. 

0.8 cc. plasma = .0095598 gm. N of which .0002232 gm. is NPN. 

.. protein nitrogen = .0093366 gm. 

90 cc. original blood was added to 10 cc. 50% dextrose solution and al- 
lowed to stand 21 hours (in most experiments 30 minutes). 

Plasma = 74.735%. 

0.8 cc. plasma = .00763 gm. N of which .0001984 gm. is NPN. 

.’, protein nitrogen = .0074316 gm. 

90 cc. original blood contained 61.425 cc. plasma, .”, the total protein nitro- 
gen — 61.425 & .0093366 & 10/8 = .7168911 gm. 

Total non-protein nitrogen = .0171 gm. 

In the diluted blood (plasma = 74.735%) the total protein nitrogen = 
74.735 X 0074316 & 10/8 = .694213 gm. 

Total non-protein nitrogen = .01853 gm. 

., decrease protein N = .0226781 gm. = .1417 gm. protein. 

*. increase non-protein nitrogen = .0014 gm, 


To make the results comparable, we have expressed them as if in 
each experiment we started with enough blood to have 100 cc. of 
plasma. The following table represents the protein and non-protein 
nitrogen changes as effected by the various solutions: 


TABLE I. 

Series Diluent To Blood Aver. Protein change NPN 

% CC, CC. Exp. in Plasma gm. in mg 
1 50 dextrose 10:90 11 — .513 + 3.9 
2 es 24 25:75 1 — .143 + 3.1 
3 Be0 jan 10:90 2 + .369 + 1.2 
4 eG 4 20:80 2 + .256 + 11 
5 24 28 50:50 2 + .719 + 3.9 
6 a oH 70:30 2 + .703 +10.4 
7 8.1 NaCl 10:90 15 — .326 + 2.5 
8 0.97? 10:90 3 + .243 + 1.2 
9 CRE Me: 20:80 3 + .576 + 2.6 
10 Leth Md 50:50 2 +1.603 16:7 
ll 12.8 CaCl, 10:90 al — .029 + 4.0 
12 a? 10:90 1 + .166 + 1.2 
13 Renata 20:80 1 + 171 + 2.0 
14 Pea Wibe 50:50 1 + .215 +10.2 
15 Mua 70:30 ay + .417 +18.9 
16 2.65 BaCly 10:99 2 + .000 + 2 

(isotonic) 
17 iota 20:80 2 + .140 + 1.2 
18 GES 50:50 2 + .913 + 5.1 
19 oes 70:30 2 +1.191 +11.0 

-+ = increase. — = decrease. 
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With the strength of hypertonic solutions used, it is not possible 
to dilute blood much more than 10% or some laking results. In the 
case of BaCl., 24% solution even in 10% dilution caused laking. 

In the various experiments, the figures were all in the same direc- 
tion. Thus, in the 11 experiments with hypertonic dextrose (Series 
1), every experiment showed decreases of total protein which varied 
between .079 gm. and 1.913 gm. with an average decrease of .513 
gm. In the 15 experiments using hypertonic NaCl (Series 7), the 
decreases varied between .052 gm. and 1.003 gm. with an average 
decrease of .326 gm. These phenomena are probably connected 
either with a reversal of charges on the corpuscles and plasma pro- 
tein in concentrated solutions or with an alteration of the lipoid 
protein equilibrium between the cells and plasma. These possibili- 
ties are being investigated. 
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Effect of Saliva on Coagulation of the Blood. 


C. J. BELLIS, W. BIRNBAUM anp F. H. SCOTT. 
From the Department of Physiology, Unwersity of Minnesota. 


It was observed that the addition of human saliva to dog blood 
greatly shortened the coagulation time. Hunter’ alone observed that 
the addition of his own saliva to his own blood hastened the coag- 
ulation. He did not try to determine the nature of the active sub- 
stance. There is nothing specific about this material. Saliva has- 
tened the coagulation of the following types of blood: (1) Other 
humans; (2) recalcified oxalated human blood of another individ- 
ual; (3) dog blood; (4) recalcified oxalated ox blood; (5) recalci- 
fied oxalated ox plasma. Figures for dog blood are given below. 

Human saliva was obtained from various individuals after rins- 
ing the mouth with warm physiological saline and discarding the 
first samples. Salivary flow was increased by chewing paraffin. 
All samples of saliva were centrifuged for 30 minutes before using. 
Unless otherwise indicated, the saliva was unheated. When heated, 
the saliva was placed on a water bath for 20 to 45 minutes and then 
diluted to its original volume, cooled to room temperature, and 
filtered before using. Blood was obtained directly from the can- 
nulated femoral artery of dogs into tubes containing the known 


1 Hunter, John B., Brit. J. Surg., 1928, 16, 203. 
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amount of saliva. Four to 8 samples.were used for each deter- 
mination; the times given below are averages. The saliva and tubes 
were at room temperature. The times for coagulation are given in 
minutes and seconds. 


TABLE I. 
Ratio of Saliva to Blood, ce. and Clotting Times. 


Dog Normal 0.6 :2 0.4:2 0.1:2 


i 6:00 1:00 2:35 4:30 
2 5:30 1:30 2:00 3:30 
3 2:00 30 1:00 1:30 
4 SSOONT pun tec TM aorauets MOQ yiee rire ties herareets 
5 4:30 1:00 1:00 4:00 
6 OO Oiahis ie seas Reece 3:50 6:45 


It will be seen that a reduction of 80% in clotting time can be 
obtained with proper proportions. Experiments in which saliva was 
added to blood in proportions of 1:400 showed a decreased coagu- 
lation time. When the proportion of saliva to blood is very great, 
such as 20:1, the coagulation time is still reduced, but not very 
much. Similar reductions in clotting time were observed in the 
case of the other types mentioned above. The clots formed after 
the addition of saliva seemed to retract more than normal blood. 

Saliva may be heated to 60° with little reduction in coagulative 
power. Boiling, however, causes considerable reduction in power 
but it is not entirely destroyed by 5 minutes boiling over a free 
flame. 

Saliva alone added to oxalate blood has little effect on the coag- 
ulation. If added in large amounts (equal or twice the volume of 
blood) some coagulation may be observed after a number of hours. 
We are inclined to believe this is due to the calcium in the saliva 
rather than to a thrombin, because if the saliva be oxalated before 
its addition to the blood no coagulation occurs. If we believe with 
Mills and Mathews’ in the two types of coagulation, this would mean 
saliva contained no thrombin but a tissue fibrinogen or kephalin. 
However, as Loucks and Scott® showed, oxalates destroy thrombin. 
The nature of this phenomenon is being studied further. 


2 Mills, C. A., and Mathews, A. P., Arch. Int. de Physiol., 1924, 24, 6. 
3 Loucks, M., and Scott, F. H., Am. J. Phystol., 1929, 91, 27. 
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Effect of Ether and Iso-Amylethyl Barbiturate (Amytal) Anesthesia 
on the Glycogen Content of Skeletal Muscle. 


S. G. MAJOR anp JESSE L. BOLLMAN. 


From the Division of Experimental Surgery and Pathology, The Mayo Foundation, 
Rochester, Minnesota. 


The question of the glycogenolytic action of various anesthetic 
agents has received considerable attention in recent years, and al- 
though it is generally admitted that ether is a glycogen depleting 
agent, opinion on the influence of iso-amylethyl barbiturate (amytal) 
anesthesia remains divided. As a preliminary step in the investiga- 
tion of the effect of various substances and procedures on the glyco- 
gen stores of the body, a series of experiments on the changes in the 
glycogen content of skeletal muscle under ether and amytal anes- 
thesia was performed. Obviously, if specimens are to be removed 
under the influence of general anesthesia for the estimation of their 
glycogen content, the effect of the anesthetic agent on glycogen must 
be determined. 

Brow and Long” showed that the glycogen content of heart muscle 
in fasted cats was reduced markedly with the closed mask method 
of ether administration, whereas there was only a slight reduction 
with the open method. Long,’ employing the same species, showed 
that ether caused a distinct depression of the glycogen level of mus- 
cle. The results obtained by the majority of investigators concur 
with this work, although Hinsey and Davenport’ have been unable 
to demonstrate any marked changes in the glycogen stores in skele- 
tal muscle under the influence of ether anesthesia. 

Amytal has become a popular anesthetic agent in recent years 
with investigators working on carbohydrate metabolism, because of 
the belief that it exercises a’ minimal effect on such metabolic pro- 
cesses. Page* showed that the blood sugar is not elevated beyond 
physiologic limits in dogs and rabbits under amytal anesthesia. 
Hines, Boyd and Leese’ found that the substance did not alter the 
level of blood sugar in dogs, but that the ability to utilize glucose is 
impaired when this substance is injected by the continuous intra- 


1 Brow, G. R., and Long, C. N. H., Current Res. Anesth. and Anal., 1930, 9, 193. 
2Long, C. N. H., J. Biol. Chem., 1928, 77, 563. 

3 Hinsey, J. C., and Davenport, H. A., Am. J. Physiol., 1929, 88, 286. © 

4 Page, I. H., J. Lab. and Clin. Med., 1923, 9, 194. 

5 Hines, H. M., Boyd, J. D., and Leese, C. E., Am. J. Physiol., 1926, 76, 293. 
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venous method. Hines, Leese and Barer® found the levels of muscle 
glycogen to be practically the same in dogs under the influence of 
amytal anesthesia and in control animals. Cori’ * considered amytal 
to have so little influence on carbohydrate metabolism that it might 
be employed in tolerance experiments for injected glucose in rats. 
Although amytal in itself has such a slight effect, Cori thinks that 
it greatly intensifies the depressive action of epinephrine on utiliza- 
tion of glucose. 

Opposed to the foregoing view are Best, Hoet and Marks,° 
Long, and Hinsey and Davenport, all of whom found that amytal 
lowers muscle glycogen in the cat. 

Methods. The experiments here reported were all performed on 
dogs. The ether was administered by the intratracheal method, and 
the amytal by the intravenous route. Specimens of muscle which 
acted as controls were secured in a few cases from corresponding 
muscles of the opposite side of the body, and in other cases speci- 
mens were removed from the same muscle, care being taken not to 
injure the blood supply of the part in question. The glycogen deter- 
minations were done by Pfluger’s method. The usual precautions 
in this procedure were taken. 

Four experiments were performed to determine the effect of ether 
anesthesia on muscle glycogen. In all experiments there was a de- 
crease in glycogen although the amount that disappeared was varia- 
ble. A representative protocol is given. 

Experiment 1. The dog weighed 23 kg. Ether anesthesia was 
started at 8:30 a. m. and was continued during the course of the ex- 
periment. The data are as follows: 


Muscle Time A. M. Glycogen % 
Right sartorius 9:13 0.942 
Hi 8 10:55 0.416 
Left sartorius 11:13 0.384 
Right gracilis 9:18 0.832 
” ? 11:18 0.207 
Left gracilis 143) 0.200 
Right quadriceps 9:15 0.870 
i # 11515 0.437 
Left quadriceps 11:16 0.439 
Right adductor 9:20 0.870 
% i 11:20 0.758 
Left adductor 11 :24 0.747 


6 Hines, H. M., Leese, C. E., and Barer, A. P., Proc. Soc. Exp. Bion. anp 
Mep., 1928, 25, 736. 

7 Cori, C. F., Proc. Soc. Exp. Bion, AND Mup., 1925, 28, 127. 

8 Cori, G. T., Am. J. Phystol., 1930, 95, 285. 

® Best, C. H., Hoet, J. P., and Marks, H. P., Proc. Roy. Soc. London, 1926, 
100, 32. 
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Three experiments were performed to determine the effect of 
amytal anesthesia on muscle glycogen. A significant decrease in 
glycogen did not occur in any instance. 

Experiment 2. The dog weighed 25 kg. During the procedure 
58 mg. of amytal was administered intravenously. The glycogen 
values are as follows: 


Muscle Time A. M. Glycogen % 

Right sartorius 9:50 0.483 
2 ud 11:55 0.551 
Right gracilis 9:54 0.417 
We H4 12:01 0.591 
Right quadriceps 9:52 0.344 
a a3 12 :02 0.484 
Right adductor 9:57 0.666 
‘a a 12:05 0.680 


We have shown repeatedly, as have numerous other investigators, 
that corresponding muscles of opposite sides of the body contain 
practically the same amount of glycogen. In the first protocol it is 
seen that the last 2 specimens of each group were taken almost simul- 
taneously from opposite sides of the body, and in all cases there is 
fairly close correspondence in glycogen content. Furthermore, tak- 
ing more than one specimen from a given muscle does not diminish 
its glycogen content provided there is no interference with the blood 
supply. In such a case the distal part of the muscle was used to 
obtain the first specimen, whereas the second specimen was removed 
from the proximal segment of the muscle. 

Our results show that when ether is administered by the intra- 
tracheal method there is a coincident diminution of the glycogen 
content of skeletal muscle. On the other hand, muscle glycogen 
did not decrease significantly under anesthesia with amytal. On the 
basis of these experiments it would appear that amytal anesthesia is 
the anesthetic of choice in performing experiments involving muscle 
glycogen. 

Summary. Corresponding muscles of opposite sides of the body 
contain similar amounts of glycogen. Prolonged ether anesthesia 
causes a marked decrease in the glycogen content of skeletal muscle. 
Amytal anesthesia causes little, if any, decrease in muscle glycogen 
content. 
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Coagulative Power of ‘Activated’ Chick Extract in Absence of 
the Calcium lon. 


JOSEPH T, KING. (Introduced by F. H. Scott.) 


From the Department of Physiology, University of Minnesota. 


It has been reported that the addition of 1 vol. rabbit plasma to 
60 to 100 vol. chick extract greatly increases the coagulative power 
of the extract." 

According to the theory of Mills* there are two coagulants which 
may cause the clotting of blood fibrinogen, thrombin, which acts in 
the absence of ionized calcium, and tissue fibrinogen which causes 
coagulation only in the presence of the calcium ion. 

The above criterion is utilized in an attempt to establish the na- 
ture of the substance causing the marked increase in the coagulative 
power of an extract which has been activated by the addition of 
a small amount of plasma. 

Chick extract is made by extracting a 10-day chick embryo in 10 
cc. of Ringer fluid. It is activated by adding 1 vol. citrated rabbit 
plasma to 20 vol. of extract. The same extract without plasma 


addition serves as control. Coagulation time is determined as de- 


scribed in an accompanying paper. 

The results with and without calcium are shown graphically in 
Fig. 1. The extract was activated at 11:35 and tested for coagula- 
tive power at subsequent intervals as indicated. The line labelled 
“Tissue Extract’’ shows the coagulative power of the control extract 
on recalcified citrate plasma; without recalcification of the plasma 
this extract causes no coagulation in 24 hours. 

The line labelled “Tissue Extract Activated’? shows the coagula- 
tive power of the activated extract on recalcified citrate plasma; 
the solid line gives the power of the same extract when the plasma 
is not recalcified. 

Comparison of the power of the activated and control extract, 
in the presence of the calcium ion, shows that the former is much 
more powerful than the latter. According to the work of Mills* a 
decrease in coagulation time from 1% minutes to 20 seconds indi- 
cates an increase in the concentration of the coagulant of about 64 
times. 


1 King, J. T., Arch. f. Exp. Zellforsch., 1931, 10, 467. 
2 Mills, C. A., Chinese J. Physiol., 1927, 1, 435. 
3 Mills, ©. A., Am. J. Physiol., 1922, 60, 193. 
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The coagulative power of ‘‘activated’’ chick extract in the absence of the 
calcium ion. 


The fact that the activated extract shows coagulative power on 
citrate plasma without recalcification, whereas the control extract 
shows no clotting in 24 hours, indicates that a coagulant has ap- 
peared in the process of activation which, like thrombin, can cause 
coagulation independent of the presence of the calcium ion. 

The rapid decrease in the coagulative power of the activated ex- 
tract in the absence of calcium is consistent with the work of 
Loucks and Scott* showing that thrombin is rapidly destroyed in 
the presence of oxalate. I have found (unpublished experiments ) 
that citrate acts similarly. It must be assumed that the coagulant is 
exposed to a citrate excess in these experiments (when the plasma 
is not recalcified) since normal extract fails to show coagulation in 
24 hours under these conditions. 

The above data indicate that the coagulant involved in the process 
of activation behaves like thrombin in relation to the calcium ion. 


4 Loucks, M. M., and Scott, F. H., Am. J. Physiol., 1929, 91, 27. 
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A Method for Distinguishing Between “‘Activation’’ and Addition 
Effects when Mixing Coagulants. 


JOSEPH T. KING. (Introduced by F. H. Scott.) 
From the Department of Physiology, University of Minnesota. 


Mills’ reported results obtained on mixing serum and lung ex- 
tract; in general there was noted an increase followed by a decrease 
in the coagulative power of the mixture. He particularly empha- 
sized the tremendous increase in coagulative power that occurs im- 
mediately after mixing. He used the decrease in the clotting time 
of a recalcified citrate plasma as an index of coagulative power. 

Burns, Scharles and Aitken’ reported a study on a series of kid- 
ney extracts from different animals incubated with various sera. 
Using the decrease in clotting time of heparinized plasma as an 
index of coagulative power, they secured results somewhat similar 
to those obtained by Mills with lung extract. 

Considerable interest attaches to the interpretation of this phe- 
nomenon in terms of coagulation theory. In order accurately to 
determine whether activation occurs and the extent of the activation 
where it does occur, it is necessary to use a method which will 
measure activation at its height (according to available data this 
is immediately after mixing). And since serum as well as tissue 
extract has coagulative power, the method used should permit dis- 
tinguishing between addition and ‘‘activation” effects. 

The following method is found to meet the above requirements. 
Decrease in the clotting time of recalcified citrate rabbit plasma is 
used as the index of coagulative power. Coagulation time is de- 
termined in 10 mm. tubes kept in a water bath at 30°C. The ma- 
terials are added in the following order. Plasma, 2 drops; 1% 
CaCl, optimum amount; coagulant; 0.9% NaCl to make 10 drops. 
The strength of the coagulants is now adjusted, by dilution of the 
stronger with saline, until 2 drops of either decrease the clotting 
time of the recalcified citrate plasma to the same extent. The mixed 
coagulants are now tested by adding to the tube, plasma, 2 drops; 
CaCl,, optimum amount; 1 drop of each coagulant, NaCl to 10 
drops. Activation will be indicated by shortening of the coagulation 
time beyond that caused by 2 drops of either coagulant alone. 

1 Mills, C. A., Am. J. Physiol., 1922, 60, 193. 


2 Burns, E. L., Scharles, F. H., and Aitken, L. F., Am. J. Physiol., 1931, 97, 
233. 
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In a typical experiment, serum mixed with tissue fibrinogen 
(Merrel’s Fibrogen) shows no (or occasionally just a trace of) 
activation. The following values were obtained: 2 drops serum, 
coagulation time 314 min.; 2 drops tissue fibrinogen, 3% min.; 
1 drop of each, 3% min. The same serum, used in greater concen- 
tration to render it isocoagulant with fresh chick extract, shows 
marked activation; 2 drops serum, 244 min.; 2 drops chick extract, 
2% min.; 1 drop of each, 45 sec. 

Controls are run before and after the experiment to determine 
whether the coagulants remained isocoagulant during the test. 
Plasma is citrated to 0.5%; serum is from citrate plasma freshly 
clotted by recalcification; chick extract is made by extracting a 10 
day chick embryo in 10 cc. Ringer fluid according to a method 
described earlier.* 
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Serum Calcium i in Relation to Menstruation in Cases with 
Dysmenorrhea.* 


RUTH E. BOYNTON anp ESTHER M. GREISHEIMER, 


From the Students’ Health Service and Department of Preventive Medicine and 
Public Health and the Department of Physiology, University of Minnesota. 


A study of the serum calcium in relation to the menstrual cycle in 
a group of 10 women who had dysmenorrhea was made. The cases 
selected were those having severe dysmenorrhea necessitating bed 
rest every month. Our purpose was to determine whether women 
having dysmenorrhea showed any significant variations in calcium 
level from women with normal menstrual periods. 

Serum calcium determinations were made in duplicate on 10 
dysmenorrhea cases twice a week for 4 consecutive weeks. The 
blood was drawn between 8 and 10 a. m. The determinations of 
serum calcium were made by one of us (E. M. G.) using the Clark- 
Collip! modification of the Kramer-Tisdall’? method. A total of 80 
readings were made. 


3 King, J. T., Arch. f. Exp. Zellforsch., 1930, 9, 341. 

* This study was carried out with the aid of a grant from the Research Fund 
of the University of Minnesota. 

1 Clark, E. P., and Collip, J. B., J. Biol. Chem., 1925, 68, 461. 

2 Kramer, B., and Tisdall, F. F., J. Biol. Chem., 1921, 47, 475. 
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TABLE I. 
Serum Calcium Variations in a Group of 10 Cases of Dysmenorrhea. Bi-weekly 
Determinations for 4 Weeks. 


Case No. Age Low High Mean P. E. of Mean S. D. 


1 18 10.50 11.35 10.81 +.07 .29 
2 21 9.82 10.75 10.34 +.08 .33 
3 23 10.29 10.93 10.54 +.05 .20 
4 22 10.52 10.73 10.64 +.02 07 
5 21 10.33 10.62 10.49 =.02 10 
6 22 10.38 11.08 10.73 +.06 27 
7 19 10.56 10.97 10.78 +.04 14 
8 20 10.56 11.05 10.76 +.05 -20 
9 22 9.59 11.06 10.09 se 45 
10 30 9.73 11.52 10.53 +.13 1 
Means 21.80 10.23 11.01 10.57 
Range .78 


Table I presents the range in the serum calcium and the mean of 
the 8 determinations for each individual in the group. 

The mean low reading for the group was 10.23 mg., the mean 
high reading 11.01 mg., giving a mean range of 0.78 mg. In 
a group of women with normal menstrual periods studied by us,* 
the range was 1.15 mg. This difference in range, however, is not 
sufficient to be of significance. 

The mean reading for the entire group was 10.57 mg. In our 
group of normal women we found a mean of 10.01 mg., again a 
difference of no significance. 


TABLE II. 
Serum Calcium Level in Relation to Menstrual Cycle, 10 Cases of Dysmenorrhea. 


Mean mg. Calcium P.E.of Mean S.D. Difference of Means 


Rest 10.49 +.05 .3042 

.08+.06 
Pre-menstrual 10.57 +.04 .2769 

.04+.07 
Menstrual 10.61 S05 .3319 

.00+.08 
Post-menstrual 10.61 +.06 4277 

.12+.08 


Table II presents the mean serum calcium for each week of the 
menstrual cycle. The lowest reading of 10.49 mg. occurs in the 
rest period, while in the normal group, the lowest reading occurred 
in the menstrual week. The apparent cyclic variation in calcium 
levels in relation to menstruation found in the women with normal 
menses, with a pre-menstrual rise and post-menstrual fall in serum 
calcium was not observed in this group with dysmenorrhea. No 


3 Boynton, Ruth E., and Greisheimer, Esther M., Proc. Soc. Exp. Biou. AND 
Mep., 1931, 28, 907. 


eed 


SERUM CALCIUM IN DySMENORRHEA 1117 


significant differences between the mean reading for each week of 
the menstrual cycle was found. 

All of the cases of dysmenorrhea in this group had previously 
been treated by the oral administration of calcium gluconate. Cases 
1 to 6 inclusive had complete relief with calcium therapy while 
cases 7 to 10 had no relief. In Table III the mean calcium readings 
in relation to the menstrual cycle for the group of cases relieved by 
calcium therapy and for the group without benefit are presented. 
No significant differences are found in the 2 groups at any period 
in the cycle. It is evident that no basis for predicting response to 
calcium therapy can be obtained by serum calcium determinations. 

TABLE III. 
Serum Calcium Level in Relation to Menstrual Cycle. 


A—6 Dysmenorrhea Cases Relieved by Calcium Therapy. 
B—4 Dysmenorrhea Cases not Relieved by Calcium Therapy. 


A B 
Mean P.E. S. D. Mean P. EB. S. D. 
Rest 10.56 +.05 27 10.38 Sei! 45 
Pre-menstrual 10.60 +.05 Red 10.52 +.08 .29 
Menstrual 10.58 +.03 12 10.64 1D 48 
Post-menstrual 10.62 tO .36 10.59 e.12 50 


Summary. From a study of the serum calcium of 10 cases of 
dysmenorrhea biweekly for 4 weeks, it is found: 1. The mean 
range of serum calcium, while lower than that found in a group of 
women with normal menstrual periods, was not significantly lower. 
2. The lowest mean serum calcium occurred in the rest period of 
the menstrual cycle. 3. In women with dysmenorrhea there appears 
to be no cyclic variation in calcium level in relation to the menses. 
4. There seems to be no significant difference in serum calcium levels 
in cases of dysmenorrhea responding to calcium therapy and in 
those not benefited by such therapy. 
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Effect of Operation on Persistence of Inspired Bacteria in the 
Lungs of Mice. 


M. VON JACOBI* ann HERBERT A. CARLSON. 
(Introduced by O. H. Wangensteen.) 


From the Department of Surgery, University of Minnnesota. 


Both the bronchogenous and embolic theories of the pathogenesis. 


of postoperative pneumonia command attention at the present time. 
The role played by bacteria already present in the respiratory tract 
or introduced into the body at the time of operation must be evalu- 
ated. It is probable that bacteria may enter the lungs through the 
air passages, that they may be removed in the lungs by some defense 
mechanism, and that certain factors may inhibit this defense of the 
lungs against the inhaled bacteria. Such a conclusion seems to be 
justified by the work of Stillman,’ who subjected mice to atmos- 
phere laden with various bacteria; when pneumococci Type I were 
inspired by normal mice they could later be demonstrated in the 
lungs, but disappeared within 3 hours. However, when alcoholized 
mice were subjected to the same experiment pneumococci were 
found in the lungs as late as 5 days after breathing the contaminated 
air. 

Because of these facts we were led to investigate the disappear- 
ance or persistence of inspired microorganisms in the lungs of 
mice after operation in order to determine whether there was any 
delay in the removal of bacteria which might be a factor in the 
pathogenesis of pneumonia. 

Method. The general technique was similar to that described by 
Stillman.* Mice were placed in a metal box into which broth cul- 
tures of bacteria were sprayed. Some of these mice were normal 
controls. Others had had operations which consisted of simple 
laparotomy and closure or simple incision and closure of the skin 
and muscles of the thorax. These procedures were carried out un- 
der novocaine infiltration anesthesia. After having been sprayed 
for one hour the animals were removed from the spraying cham- 
ber. They were sacrificed at definite intervals of time by strangu- 
lation and then were immersed in lysol solution for 10 minutes 
prior to necropsy. The thorax was opened with an electrocautery 

* Exchange assistant from Prof. de Quervain’s Clinic in Berne, Switzerland. 

1 Stillman, E. G., J. Hap. Med., 1923, 38, 117. 

2 Stillman, EH. G., and Branch, A., J. Hap, Med., 1924, 40, 733. 
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and sections of the hilus and periphery of the lung removed by 
means of sterile instruments for culture. A pneumococcus Type I 
culture was employed in the spray in the early experiments, but 
because of difficulty in identifying this organism and because of the 
inhibiting effect on it of other bacteria, the experiments were re- 
peated with B. prodigiosus and Friedlander bacillus. In order to 
identify the pneumococci we routinely used blood agar plate and 
veal broth, thereby obtaining simultaneously the advantages of a 
separating medium as well as one upon which the pneumococcus 
grew readily. As a final test the bile solubility test was employed. 

Results. The results are recorded in the following tables, the time 
interval referring to the time after removal from the spraying 
chamber, and the terms positive and negative indicating whether 
the sprayed organisms could be cultured from the lungs. (Tables 
I, I, and III.) 


TABLE I. i 
Sprayed with Pneumococeus Type I. 
A Total 
Controls Hours 1 2 3 4 5 6 7 mice 
Positive 2 iL 2 3 2 0 — 
Negative 4 5 4 3 4 10 _— 40 
B 
Abdominal Positive — —_ — 0 0 0 0 
Operations Negative — — — 2 2 5 9 18 
CG 
Thoracic Positive —_ —_ — 0 0 0 0 
Operations Negative —_— = —s 1 1 £ 6 9 
TABLE II. 
Sprayed with B. prodigiosus. 
A Total 
Controls Hours 1 2 3 4 5 6 7 mice 
Positive 3 0 2 0 1 0 — 
Negative 0 3 if 3° 2 5 — 20 
B 
Abdominal Positive _ — -—- 2 1 at 0 
Operations Negative = = aaa 0 1 4 9 18 
Thoracic Positive —_— —_ —_ 0 i 0 0 
Operations Negative — —_ —_— 1 1 6 9 
TABLE III. 
Sprayed with Friedlander Bacillus. 
A Total 
Controls Hours 1 2 3 4 5 6 7 mice 
Positive 3 2 0 1 0 0 — 
Negative 0 1 3 2 3 5 — 20 
B 
Abdominal Positive —_ — _ 0 2 0 0 
Operations Negative _ = — 2 0 5 9 18 
C 
Thoracic Positive — _ _— 1 0 0 0 
Operations Negative  — = — 0 1 Ay 6 9 
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The inspired organisms were recovered irregularly during the 
first 5 hours. Only one culture of a mouse operated upon was posi- 
tive at the end of 6 hours (Table II, B). Although more positive 
cultures were obtained in the animals operated upon than in the 
controls 4 or 5 hours after the spraying with Bacillus prodigiosus or 
with Friedlander bacillus, this result was not striking and was con- 
tradicted by the experiments with pneumococcus. 

Contaminating organisms were present in 29 of 40 cases, par- 
ticularly the subtilis, micrococcus and pyocyaneous groups which in 
many instances undoubtedly inhibited the growth of the organisms 
being studied, and prevented their demonstration (Neisser* and 
Jones*). This we were also able to demonstrate by mixing cul- 
tures of contaminating bacteria with pneumococci and attempting 
to reisolate the pneumococci. The presence of contaminating bac- 
teria is undoubtedly one of the factors contributing to the irregular- 
ity of the recorded results. 

Summary. 1. The examination of 80 mice showed that the in- 
haled pneumococci, B. prodigiosus and Friedlander bacilli can re- 
main 5 hours in the lungs. 2. The microorganisms are found in the 
lung irregularly from one to 5 hours after inhalation. 3. There 
was no difference between the peripheral and hilus portion of the 
lungs. 4. Examination of 81 mice showed that abdominal or tho- 
racic operations produced no increase in the period of persistence of 
the inhaled bacteria in the lungs. 5. No definite evidence was found 
to justify the belief that surgical operations handicap the mechanism 
by which bacteria are destroyed or removed from the lungs of mice. 


3 Neisser, M., Z. f. Hyg. u. Inf. Krankheiten., 1896, 5, 12. 
-4 Jones, F. S., J. Hap. Med., 1922, 36, 317. 
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St. Louis University School of Medicine, May 11, 1932. 
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Origin and Structure of a Fibrin-Type in Normal Blood. 


JOHN AUER. 
From the Department of Pharmacology, St. Louis University School of Medicine. 


If normal blood from the rabbit and guinea pig is washed and cen- 
trifuged 4 to 6 times in 20 times the blood volume of Ringer or 
Ringer-saline solution, the same type of fibrin-filaments attached to 
red corpuscles may be observed as were previously described.* These 
filaments appear within 25 minutes to 2 hours after the hanging- 
drop preparation has been made, and exhibit the same functional 
manifestations that were observed in ordinary blood hanging-drops. 
These filaments therefore have their origin in the red corpuscles 
themselves, and probably arise from the fibrinogen-like substance 
which Horino? isolated from washed red corpuscles. 

The ordinary fibrin threads of plasmatic origin forming about 
platelets do not exhibit the phenomena described for the fibrin fila- 
ments attached to red corpuscles. Moreover the addition of sodium 
oxalate, hirudin or heparin in sufficient amounts to largely abolish 
the formation of plasmatic fibrin, had only little effect on the for- 
mation and activity of the fibrin-filaments from red corpuscles. 

Observation of the fibrin-filaments issuing from red corpuscles 
shows in favorable instances that it is composed of fibrils which 
are twisted about each other like the strands of a rope. Rupture of 
such a fibril brings about the formation of small pellet which may 
rotate around the main stem with gradually increasing radius until 
it swings free on its own pedicle from the base of the main filament. 
Such pellets may again twist themselves around the parent stem 
in a spiral manner and disappear. The largest number of such pel- 
lets observed on one ruptured filament was 5. These fibrils are in 
turn composed of invisible (bright-light field) sub-fibrils. The 


1 Auer, J., Proc. Soc. Exp. Brow. anpD Mep., 1930, 27, 618. 
2 Horino, K., J. Biochem., 1928, 9, 437. 
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presence of such invisible sub-fibrils is«demonstrated by their dis- 
torting effects on red corpuscles, by the alternate disappearance and 
reappearance of sections of the filament, and by the sudden move- 
ment of apparently free corpuscles or microcytes: 

The rotation or twisting of the fibrin filament is beautifully dem- 
onstrated at times by the rotation of a corpuscle stretched out be- 
tween 2 filaments; the corpuscle changes from a view on the flat to 
a view on edge and back again. 


6248 
Loss of Blood as a Factor in Death from Acute Portal Obstruction. 


ROBERT ELMAN anp WARREN H. COLE. (Introduced by Evarts A. Graham.) 


From the Department of Surgery, Washington University Medical School, and 
Barnes Hospital, St. Lowis, Missouri. 


Sudden occlusion of the portal vein is followed very rapidly by 
shock and death within a few hours. The reason has never been ex- 
plained. The blood pressure falls within a few minutes and soon 
drops to a shock level and continues downward until exitus. A 
decrease in the thrombocyte count and in clotting time has been 
recorded recently." With the idea that a toxemia similar to that 
assumed to occur in low intestinal obstruction and strangulation 
might be present, we examined the lymph from the thoracic duct, 
the systemic blood and the portal blood from animals before and 
after portal ligation. By injecting the material into guinea pigs no 
differences in toxicity were observed. 

Sufficient blood may have been lost from the general circulation 
into the engorged mesenteric veins and intestinal capillaries in dogs 
with obstruction of the portal vein to account for the rapid death. 
To investigate this both cats and dogs were used. Pairs of the same 
age, weight and sex were selected as far as possible and starved for 
24 hours. The same anesthetic was employed and similar laparo- 
tomy at the same time was performed in each pair of animals. A 
ligature was placed around the lower rectum in each to prevent 
escape of intestinal contents. The portal vein was isolated in each 
and was tied in one. As soon as the one with ligation died the con- 
trol was killed. The entire gastro-intestinal tract of each from the 


1 Tschernikoff, A. M., Malenjuk, W. W., Jakubovitsch, M. I., and Klantaroff, 
M. Ch., Arch. f. d. ges Physiol., 1931, 227, 85. 
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TABLE I. 
Controls Portal Ligation 
Wt. Wt.  &£ Wt. Wt. %  Y% Increase 
Animal (kg.) Guts (gm.) B.W. Animal (kg.) Guts (gm.) B.W. over control 
Average 
4 dogs 8.07 611 7.6 6.60 854 12.8 5.2 
Average 
6 cats 2.65 165 6.3 2.94 282 9.7 3.4 


cardia to the anus was removed in toto including the spleen and with 
avoidance of the loss of fluid from them. The results are shown in 
Table I and are expressed in terms of weight of intestinal tract as 
percentage of the body weight. By subtracting the weight of the 
intestinal tract of the controls from that of animals with portal 
obstruction one obtains a figure which represents the amount of 
fluid and blood lost into the gut. In the case of the dogs this repre- 
sented an average of 5.2% of the body weight. This is above the 
amount necessary to kill dogs by simple hemorrhage as shown by 
many observers, and particularly by Johnson and Blalock.’ In cats 
the amount lost in the intestinal tract was an average of 3.4% of 
the body weight which is also sufficient to cause death from simple 
hemorrhage. We have observed death following the loss of 2.7% 
of the body weight of a few control cats by simple bleeding from the 
femoral artery. 

The behavior of animals after portal ligation is similar to that 
caused by severe loss of blood from hemorrhage. They become 
increasingly weak, respirations become rapid and shallow with occa- 
sional deep inspirations indicating “air hunger’’, and thirst seems. 
apparent from their repeated attempts to find water in the empty 
crocks in the cage. Though prostration becomes increasingly se- 
vere, the sensorium is unaffected up to the end. There are no con- 
vulsions. At autopsy the tissues of the body are obviously dry and 
quite bloodless. Section of the intestine reveals tremendous en- 
gorgement of the capillaries. Sometimes but not always there is a 
transudation of bloody fluid into the lumen of the bowel. There is 
very little peritoneal fluid. Scott and Wangensteen* recently re- 
ported considerable fluid and blood loss from the general circulation 
after strangulation or ligation of the veins of a length of intestine. 
They believe this loss was sufficient to cause death. 


2 Johnson, G. 8., and Blalock, A., Arch. Surg., 1931, 22, 626. 
3 Scott, H. G., and Wangensteen, O. H., Proc. Soc. Exp. Bion. AnD MxEp., 1932, 
29, 748. 
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Transmission to Offspring of Immunity Against Infection with a 
Metazoan (Cestode) Parasite. * 


HARRY M. MILLER, JR. 
From the Department of Zoology, Washington Unwersity. 


In view of the successful results of numerous experiments on 
passive transfer of immunity’ against infection with onchospheres 
of Taenia taeniaeformis, it was not surprising to find that a degree 
of protection was transmitted to the offspring of female rats actively 
immunized against this worm or infected with the larval stage. 
More than 250 such young rats have been used in a series of experi- 
ments begun in 1930. 

The young of immune and control (stock) rats were infected at 
weaning, or at varying intervals thereafter, by feeding, by means 
of a stomach tube, equal portions of a uniform suspension of infec- 
tive onchospheres. In most such instances cysts (2 to 5 mm. diam- 
eter) were present in the liver of control animals at autopsy 4 to 5 
weeks later, while cyst development was completely, or almost com- 
pletely, inhibited in the offspring of infected or immunized females. 
The results of a typical experiment are shown in Table I. 


L 
ip TABLE I. 
Average number of living and dead cysts in liver at autopsy. © 


Infected Cysts in Liver Offspringt 

Mothers of Mother Birth Date Number Living Cysts Dead Cysts 
No. 

24470 30 1/16 6 3 6 

23677 31 1/16 bi) — _ 

16(78) 220 1/14 9 aa — 

Controls — 1/16 8 35 0.5 


t Infected February 12, autopsied March 12, 1932. 


In these experiments protection of the young of infected females 
was greater than that of the offspring of actively immunized fe- 
males. In either case this immunity is passive and has not been 
found to persist beyond about 6 weeks after birth. 


* This investigation was in large part made possible by a grant for research 
in science made to Washington University by the Rockefeller Foundation. 

1 Miller and Gardiner, Science, 1932, 75, 270; Proc. Soc. Exp. Bion. AND 
Mep., 1932, 29, 779. 
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Acquired Immunity Against a Metazoan Parasite by Use of 
Non-Specific Worm Materials.* 


HARRY M. MILLER, JR. 
From the Department of Zoology, Washington University. 


Both active and passive immunization of the rat against infection 
by onchospheres of Taenia taemaeformuis have been adequately dem- 
onstrated. A series of 6 injections of a 1% suspension of the 
powdered worm usually results in complete protection against in- 
fection. Only one attempt, previous to the present experiments, 
was made to produce immunity by the use of related worm ma- 
terials; injection of powdered 7. prsiformis, a tapeworm of the dog, 
did not protect rats against infection by larvae of T. taeniaeformus. 

In experiment I powdered Diphyllobothrium latum, Taema sagi- 
nata, Hymenolepis sp., and Dipylidium sp. were used. One lot of 
control rats received a similar series of injections of T. taemaefor- 
mis material and another (uninjected) served as controls on the 
viability of the taentaeformis onchospheres with which all rats were 
fed. Autopsy data (Table I) show that little or no protection was 


TABLE I. 
Figures give the average number of cysts in liver. 

Exp. Material used Method No. of Living Dead 
No. Rats Cysts Cysts 
1 Diphyllobothrium latum Intraperitoneal 8 173 8 

Taenia saginata 2) 9 104 38 

Hymenolepis sp. ie 10 145 20 

Dipylidium sp. zm 9 168 23 

Taenia taeniaeformis a 10 21t 17 

(controls) 

Untreated controls — 10 206 if 
2 Living Placed in 

Cysticercus fasciolaris body cavity if _— 2 

Living 

Taenia pisiformis ad 6 15 22 

Untreated controls —_ ai 214 12 
3  Onchospheres of 

T. pisiformis Fed once 9 152 19 

ay Fed twice 9 100 31 
Untreated controls — 12 215 8 


t No living cysts in 7 rats. 


* This investigation was made possible by a grant for research in science 
made to Washington University by the Rockefeller Foundation. 

1 Miller, H. M., Jr., Proc. Soc. Exp. Bron. AnD Mep., 1930-1932, 27, 28, 29; 
J. Prev. Med., 1931, 1932, 5, 6; and papers in press. 
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afforded by these non-specific cestode materials, following their in- 
jection as suspensions of powdered worm. 

On the other hand, introduction into the peritoneal cavity of rats 
of whole, or long pieces of, living Taenia pisiformis resulted in a 
high degree of protection against infection by the larvae of T. taen- 
iaeformis, as was shown by infecting the rats some weeks after the 
operations (Exp. 2). The control animals into whose body cavities 
the cysticercus stage of taemaefornus had been placed contained no 
living cysts at autopsy, while the untreated controls were heavily 
infected. 

On one earlier occasion the mistake had been made, in one ex- 
periment, of feeding onchospheres of 7. pisiformus instead of T. 
taeniaeformis. When these rats were subsequently fed onchospheres 
of the proper species it was found that the control (untreated) ani- 
mals were refractory to infection, although control rats of other 
experiments to which portions of the same lot of onchospheres had 
been fed became heavily infected. To test the hypothesis that feed- 
ing with eggs of one species would confer protection against in- 
fection with those of another, in this case, closely related, species, 
rats of one group (Exp. 3) were fed once with 1500 pisiformis 
onchospheres, and those of a second group were fed again, 3 weeks 
later, with approximately 9000 onchospheres each. These anmials, 
together with brother and sister (untreated) controls, were fed 
taeniaeformis onchospheres several weeks later. The autopsy data 
are shown in the table. 


6251 
Studies on Blood Diastase. 


MICHAEL SOMOGYI. 
From the Laboratory of the Jewish Hospital of St. Louis. 


Diastase is known to be a normal constituent of human blood, 
- but available information as to its quantity is inconsistent. The 
variety of measuring units and the multiplicity of methods render 
it impossible to correlate results and to explain conflicting conclu- 
sions. Even one and the same technique yields different results in 
the hands of different workers. One factor responsible for this 
situation is the use of soluble starch as substrate in measuring the 
enzyme action. It is practically impossible to prepare 2 identical 
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batches of soluble starch, and consequently each will give different 
results with the same quantities of the enzyme, the discrepancies fre- 
quently being quite considerable. Moreover, investigators in general 
fail to consider the intricacies of the kinetics of diastase action and 
carry out their determinations under conditions where the amount 
of reaction products determined is not in linear proportion to the 
amount of enzyme. 

A study of substrates convinced us that starch pastes prepared 
from various refined natural starches by boiling at atmospheric pres- 
sure furnish adequate substrates. Pastes of 0.5 to 2% concentra- 
tion, prepared from well washed rice, corn, wheat, potato or arrow- 
root starches, yield identical amounts of reducing sugars if incu- 
bated with identical amounts of enzyme under standardized condi- 
tions. It is remarkable that with glycogen the same results are ob- 
tained as with starch pastes. In another approach to the quantitative 
determination of diastase, in the measurement of the rate of cleavage 
of starch to the point where it no longer gives blue color with iodine, 
all starch pastes studied yield reproducible results, while every batch 
of soluble starch differs from the other. Thus the use of starch 
paste as substrate eliminates one variable in the study of diastatic 
activity. The next step was to determine and standardize the con- 
ditions which insure a direct proportionality between the amount 
of enzyme and that of reaction products. This is feasible by 
proper adjustment of the relative concentrations of enzyme and 
substrate. 

The 2 phases of enzyme action, the amyloclastic and the sacchari- 
fying, exhibit a fair parallelism so that both are equally useful as 
the basis of quantitative methods. The technique involving the 
determination of the sugars, however, is more accurate, as the 
judgment of color changes in the starch-iodine reaction is more or 
less subjective. To diminish the influence of the subjective factor, 
we have applied the observation of the transparency of the reac- 
tion mixture as an additional criterion in establishing the rather ar- 
bitrary end point. 

In the examination of numerous blood samples obtained from 
healthy humans, we find that the bulk of the diastase is in the plas- 
ma, the corpuscles containing less than one-fifth of the total. The 
normal diastase content of human blood plasma exhibits variations 
of 100%, while in toxemic conditions it is in general greatly dimin- 
ished. 

Cleavage products of starch under the effect of blood diastase 
were also studied. Contrary to statements in the literature, we find 
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but very small quantities of glucose and’ maltose. The bulk of the 
reducing sugars produced by blood diastase is a non-fermentable 
substance which we were able to isolate in crystalline form. It pos- 
sesses approximately one-third of the reducing power of glucose, 
and preliminary examination indicates that it is a trisaccharide 
(Lohmann, Barbour). By alcoholic fractionation another crystal- 
line polysaccharide was separated which does not reduce copper, 
gives no color reaction with iodine and is probably identical with 
Pringsheim’s “graenzdextrine,”’ a tetra- or hexa-hexosan. Further 
analysis of the 2 substances is in progress. The generally assumed 
presence of the enzyme maltase in blood found no substantiation in 
our experiments. 
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Effects of Anterior Pituitary from Various Species on Sex and 
Thyroid of Immature Guinea Pigs.* 


LEO LOEB. 
From the Department of Pathology, Washington Uniwwersity School of Medicine, 


We have shown that different preparations of the anterior pitui- 
tary gland of different species, as well as urine of pregnant women, 
exert on the sex organs of immature guinea pigs varying effects. 
The differences were not equally marked in all cases; they were quite 
definite in the following 3 groups: (a) various preparations of an- 
terior pituitary of cattle; (b) urine of pregnant women, and (c) an- 
terior pituitary of guinea pig, rabbit and cat. Within the latter group 
(c) the differences between cat and rabbit were of a quantitative 
character, rabbit anterior pituitary showing somewhat greater effects 
than cat anterior pituitary ; otherwise they were essentially the same. 
The effects of anterior pituitary of guinea pig differed from those 
of anterior pituitary of rabbit and cat, in that in the former the 
development of large mature follicles was very prominent, while 
the production of pseudolutein,sodies and interstitial gland was rela- 
tively insignificant in contra’ to the latter, in which the pseudolu- 
teinizing effects were muck more marked. Our attempts to make 
the effects of the anterior ‘pituitaries of rabbit and guinea pig iden- 
tical by varying the quautities of both, were not quite successful. 


* These investigations were carried out with the aid of a grant for research 


in science made to Washington University by the Rockefeller Foundation. 
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We concluded therefore that, while quantitative differences in the 
concentration of the active principles in the anterior pituitary of 
rabbit and guinea pig were partly responsible for the results ob- 
tained, there might be in addition a difference in the relative 
strength of the principle supposed to promote the growth and matu- 
ration of follicles on the one hand and of the pseudoluteinizing 
agent on the other hand. To investigate further, we carried out a 
new series of experiments in which we varied to a still greater ex- 
tent the quantities of anterior pituitary glands of different species 
inoculated into immature guinea pigs; we also tested the effects of 
rat anterior pituitaries. The number of guinea pig anterior pitui- 
taries inoculated varied in different experiments between one and 6. 
The quantities of rabbit anterior pituitaries used varied between 
one and one-third of a gland. In former experiments we had used 
in addition 2 anterior pituitaries of rabbits. The number of rat 
anterior pituitaries inoculated varied between 1 and 4. Altogether 
it was necessary to use in this second series the anterior pituitary 
glands of 148 rats, 182 guinea pigs and 76 rabbits. They were in- 
oculated into 44 immature guinea pigs. These figures indicate 
that the number of experiments of this kind which can be carried 
out is limited. We also extended our investigations concerning the 
effects of the other 2 groups of substances, anterior pituitary of 
cattle and urine of pregnant women, by further varying the quan- 
tities. 

Our further experiments confirmed our conclusions concerning 
the differences between the main 3 groups, (a) anterior pituitary of 
cattle, (b) of rabbit and guinea pig, (c) urine. We have not 
found it possible to make the effects between these groups equal by 
varying the quantities used. Our experiments indicate that the dif- 
ferences between the effects of rabbit, guinea pig and also rat an- 
terior pituitary glands depend essentially on the concentration of 
the active principle or principles present in these organs. How- 
ever, these concentrations differ considerably in the different spe- 
cies. Inoculation of one-third to one-half of a rabbit anterior 
pituitary (weighing approximately between 4-6 mg.) is about equal 
in effect to inoculation of 6 anterior pituitary glands of the guinea 
pig weighing about 44.5 mg. The inoculation of 6 anterior pituitaries 
of guinea pig is approximately equal in ‘its effects to inoculation of 
1 rat anterior pituitary weighing approximately 3 mg.+ 

This similarity in the action of the pituitaries of these 3 species 


+ We are indebted to Miss Hilda Friedman for determining the weights of 
the various kinds of anterior pituitary glands. 
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relates, first, to the changes which take place in the ovary. Here 
with increase in the quantity of anterior pituitary the pseudolutein 
bodies and interstitial gland become relatively more prominent, 
although mature follicles may still continue to be produced. How- 
ever, with an increase in the number of rat anterior pituitaries, 
daily inoculated, to 4, the number of mature follicles - decreases, 
perhaps owing to the fact that the increase in hypertrophy and 
activity of the thyroid gland, which was parallel to the increase in 
rat anterior pituitaries used and its unfavorable influence on the 
weight of the animals, exerted a depressing effect on the maturation 
of follicles. 

Second, the similarity relates also to the condition of the vagina. 
After inoculation of one anterior pituitary of rabbit or rat, the 
vaginal epithelium did not usually undergo full proliferation, al- 
though there were fully mature follicles present. On the contrary 
after daily inoculation of one to 5 guinea pig anterior pituitaries 
typical squamous epithelium developed in the vagina; but after 
daily inoculation of 6 anterior pituitaries of the guinea pig, the 
vagina underwent only a very rudimentary proliferation. In ac- 
cordance with our previous conclusions’ we may assume that the 
presence of pseudolutein bodies and of interstitial gland or of either 
of these 2 kinds of structures inhibits the full proliferation of the 
vagina. On the other hand, in case the maturation of follicles was 
prevented by underfeeding, vagina, uterus and mammary gland 
were usually found in a resting condition. 

In our former series ovulation occurred mainly after inoculation 
of guinea pig anterior pituitaries and only exceptionally after inoc- 
ulation of the anterior pituitary of other species. In this series we 
found also some ovulations taking place after inoculation of rab- 
bit as well as of rat anterior pituitaries. But in the latter cases 
the ovulation occurred only in guinea pigs weighing over 200 gm., 
while in the former case it occurred in young animals in the ma- 
jority of cases. Further investigations must show whether this 


difference is of significance. Furthermore we obtained ovulation . 


only after daily inoculation of 3 mg. of rat anterior pituitary and not 
after inoculation of 12 mg. of this material, corresponding to 4 rat 
anterior pituitaries, while we obtained ovulation after daily inocu- 
lation of one as well as of 4 guinea pig anterior pituitaries varying 
in quantity approximately between 7 and 30 mg. It is probable 
that the presence of large amounts of pseudolutein tissue and of in- 


1 Loeb, Leo, Proc. Soc. Exp. Bion. AND MeEp., 1932, 29, 642; Hndocrinol., 
1932, 16, 129, 
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terstitial gland is an unfavorable factor as far as the occurrence of 
ovulation is concerned. If after inoculation of anterior pituitary 
glands ovulation does take place, the typical changes in the ovaries 
consisting in an almost complete degeneration of all except the small- 
est follicles and in the marked proliferation of the vaginal epithe- 
lium were in a number of cases more or less inhibited. 

The anterior pituitary of the guinea pig is very inactive also in its 
effect on the thyroid of the guinea pig. In this case again 44.5 mg. 
of guinea pig anterior pituitary is not more and is perhaps even less 
active than 3 mg. rat and 12 mg. rabbit anterior pituitary. In 4 out 
of 5 cases in which we inoculated 12 mg. rat anterior pituitary the 
hypertrophy of the thyroid gland of the guinea pig was very much 
more pronounced than the hypertrophy produced by similar weights 
of guinea pig or even of rabbit anterior pituitaries. This relative 
ineffectiveness of guinea pig anterior pituitary is perhaps related to 
the relatively low average size of the acinus cells of the thyroid 
gland or to the absence of interstitial gland in the ovary of the 
guinea pig. On the other hand, the thyroid gland of the guinea pig 
seems to be functionally very active to judge from the relatively 
large amount of organic iodine found in the blood of normal animals 
of this species (Closs, Loeb and MacKay’). 
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Effect of Adrenal Cortex Extract on Maxillary Sinusitis in the 
Rabbit. 


W. F. WENNER. 


From the Department of Oto-Laryngology, Oscar Johnson Institute, Washington 
Unwersity. 


Several investigators’ ** have demonstrated that adrenalecto- 
mized animals showed a decreased resistance to infection and hac- 
terial toxins. Blanchard* found that the opsonic power of the serum 
of adrenalectomized cats is greatly decreased. Phagocytic activity 


2 Closs, Karl, Loeb, Leo, and MacKay, Eaton, Proc. Soc. Exp. Bion. AnD Mxrp., 
1931, 29, 170. 

1 Oppenheim and Loeper, Compt. Rendu. Soc. Biol., 1903, 55, 332. 

2 Jaffe and Marine, Proc. Soc. Exp. Biot. AND MED., 1923, 21, 64. 

3 Scott, J. Bap. Med., 1924, 39, 457. 

4 Blanchard, Physiol. Zool., 1931, 4, 302. 
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is reduced approximately 50% during the later stages of adrenal 
insufficiency. Sufficient work has been presented to show clearly 
the effectiveness of adrenal cortex extract in protecting against 
bacterial intoxication. Scott and Bradford’ and Hartman and 
Scott® showed that adrenal cortex extract decreased the suscepti- 
bility of adrenalectomized rats to killed bacteria. Whitehead and 
Smith’ indicate that cortical extract exerts some power in increasing 
the resistance of the human body to bacterial intoxication. Experi- 
ments reported here show that this extract causes infection of the 
maxillary sinus of rabbits to subside. 

A series of 19 rabbits were given maxillary sinus irrigations with 
0.5% solution of sodium alizarin sulphonate every 48 hours for 
10 days.* Sinusitis, as evidenced by purulent nasal discharge, de- 
veloped within 10 days following the last irrigation. Three intra- 
muscular injections of adrenal cortex extract made by Dr. R. L. 
Zwemer® were given over a period of one week. The dosage used 
was 0.5 cc. per kilo body weight. The maxillary sinuses exam- 
ined grossly and histologically at this time showed no evidence of 
infection. In the control rabbits which received the same number 
of irrigations but no cortex extract, the sinuses were filled with pus 
and the mucous membrane was infiltrated with leucocytes. Both 
total and differential white blood cell counts made on normal and 
experimental rabbits at the same hour of the day varied from day 
to day. Taking this day to day variation into consideration, adrenal 
cortex extract produced no change in the total or differential count. 
Hemoglobin fell from an average of 11 gm. to about 8 gm. per 
100 cc. of blood (Newcomer method). CO, content and pH of 
blood plasma increased except in those rabbits having initial high 
pH and CO,. These findings on the increase in plasma CO, follow- 
ing intramuscular injections of adrenal cortex extract agree with 
those reported by Zwemer.”° 

I wish to thank Dr. R. L. Zwemer for the generous supply of 
adrenal cortex extract used in these experiments. 


5 Scott and Bradford, Proc. Soc. Exp. Bron. AND Mep., 1931, 28, 428. 

6 Hartman and Scott, Proc. Soc. Exp. Biot. AND Mxp., 1931, 28, 478. 

7 Whitehead and Smith, Proc. Soc. Exp. Biob. AND Mexp., 1932, 29, 672. 

8 Wenner, J. Lab. and Clin. Med., 1931, 16, 341. 

9 Zwemer, Agate and Schroeder, Proc. Soc. Exp. Biot. AND Mep., 1931, 28, 721. 
10 Zwemer, Endocrin., 1931, 15, 382. 
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Studies on Variability of B. diphtheriae. 


LLOYD JONES. (Introduced by M. S. Fleisher.) 


From the Department of Bacteriology and Hygiene, St. Louis Unwersity School 
of Medicine. 


Typical cultures of virulent diphtheria bacilli grown in broth 
containing 10% specific antibacterial serum gave origin to distinct 
and rather stable variant types differing markedly from the parent 
strain in colony form, lacking in fermentative properties and in 
virulence and toxigenicity. Likewise, continued cultivation of 
typical cultures (at 37°C.) in broth containing 0.1% phenol, of 
0.5% lithium chloride or 2.5% pancreatin as well as cultivation in 
K-medium (Kendall) diluted 1:3 with physiologic salt solution and 
cultivation in plain broth at 45°C., gave rise to the development of 
similar variant types. 

In some instances transformation from the original characteristic 
colony type to the variant type occurred suddenly while in other 
instances certain variations or intermediate changes in colony form 
with loss of virulence were noted before the appearance of the ex- 
treme variant type. The intermediate types probably corresponded 
to those noted by other observers of bacterial dissociation in B. diph- 
theriae cultures. 

The variant or ‘V’ colonies are smaller, less opaque and grow less 
rapidly on various culture media. In morphology the ‘V’ organ- 
isms are pleomorphic, exhibiting small coccoid or occasionally some- 
what elongated solid staining types. Broth cultures develop a uni- 
form turbidity which is slow in appearing. The ‘V’ cultures are 
practically devoid of fermentative ability. Guinea pigs are not 
affected by inoculation with living ‘V’ cultures or with broth fil- 
trates, indicating loss in virulence and in toxigenicity incident to 
the forced transformation. 

These properties, which characterize the ‘V’ type culture have 
remained constant in cultures maintained over periods of 6 months 
to 2 years indicating considerable stability of the variant type. 

Antisera containing agglutinins for the mother-type organisms 
were devoid of agglutinating effect upon some of the ‘V’ strains 
while other ‘V’ strains were agglutinated, indicating that agglu- 
tinogen common to the parent organism might be variably trans- 
mitted to the variant. In many instances variants apparently were 
dissimilar antigenically since antisera prepared against a particular 
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variant frequently failed to agglutinate to any considerable extent 
other variants derived from the same parent organism. 

Since there was no evidence that the variant type would spon- 
taneously revert to the parent type organism an attempt was made to 
determine whether or not reversion from variant to original colony 
type, etc., could be induced by certain types of im vitro and in vivo 
cultivation, as has been accomplished with the rough variants of 
pneumococci, ‘paratyphoid bacilli and other organisms. According- 
ly the following technics were employed: a. variant cultures were 
transplanted in nutrient broth at 24-hour intervals over periods of 20 
days, b. cultures were made in broth containing heat-killed organisms 
of the respective original type, c. cultures were made in broth con- 
taining heat-killed organisms of the parent type plus 5% of the 
‘V’ antiserum, d. living ‘V’ type organisms were injected into guinea 
pigs, intraperitoneally, with heat-killed organisms of the original 
type. Cultural and pathogenic properties were not changed inci- 
dent to these modes of cultivation and reversion in colonial form 
occurred only in one instance, wherein, one of the variants was 
injected into a guinea pig with heat-killed organisms of the original 
type and plates inoculated after 24 hours with the peritoneal fluid 
showed an admixture of parent-type with variant-type colonies. The 
former were lacking in pathogenicity and were quite unstable, readily 
dissociating into the ‘V’ type upon subculturing. 
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Production of an Unsaturated Compound by B. coli in a 
Synthetic Medium. 


W. F. LANGE. (Introduced by M. S. Fleisher.) 


From the Department of Bacteriology and Hygiene, St. Louis Uniwersity School 
of Medicine. 


Production of unsaturated acids by bacteria in synthetic media 
has apparently rarely been observed. When B. coli were grown in 
a media* of known composition, it was noted that acidity continued 


* Synthetic Media 22. gm. gm. 
1D ep api blige pierre eeteta lo erre My Lae ek 10.0 Caleium Chloride ..........ce 0.1 
Potassium Hydrogen Phosphate...... 1.0 Ammonium Tartrate ..........-... 10.0 
Potassium Di-hydrogen Phosphate.. 1.0 Distilled Water... 1000 ee. 
Magnesium Sulphate ...0....0.c cee 0.1 


pH, 8.6. Sterilized at 10 lb. for 15 minutes. 
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to increase even when tests showed the absence of lactic, acetic and 
aceto-acetic acids, and it was noted that the media readily absorbed 
bromine and iodine and decolorized potassium permanganate. 

Cultures were made in large quantities of the media and 
allowed to grow for a period of 20 days. If tests for dextrin, re- 
ducing sugars, lactic acid ammonia, nitrites and nitrates were nega- 
tive, the test for tartrate ion (alpha-beta-hydroxy-acid)+ was less 
marked than in the control media and the pH was 5.0 or lower, the 
media was freed of the organisms by filtration through a Seitz 
filter. The filtrate was extracted 2 or 3 times with ether (free from 
peroxides). The ether was distilled from the extract. The residue, 
a water-clear liquid, was dissolved in a small quantity of water and 
reextracted with ether. The ether from the second extraction was 
removed by spontaneous evaporation in the dark, since light seemed 
to cause polymerization of the residue. 

The residue, a water-like, colorless liquid, as stated above had the 
following qualities: 

A strong acetic odor; readily soluble in water, ether, alcohol, and 
chloroform, a meiting point of about 6°C. It was readily decom- 
posed by sunlight but more slowly by diffuse light. Some of the 
extract was placed in a small vial, was kept in the icebox, but even 
under these conditions the material decomposed within 3 days. 

It was found that 0.08 cc. of the liquid when dissolved in 3 cc. 
of 10% sodium carbonate solution decolorized more than 8 cc. of 
a 1% solution of potassium permanganate leaving a brown precipi- - 
tate of manganese oxides; 0.13 gm. of the liquid dissolved in 2 cc. 
of carbon tetrachloride to which was added 3 drops of brom-solu- 
tion (2 cc. of bromine to 50 cc. carbon tetrachloride) caused the 
decomposition of the bromine solution instantaneously without the 
evolution of hydrobromic acid. The decolorization of the brom- 
solution continued until 8 cc. had been added. When the solution 
was warmed an additional 2 cc. of the brom-solution was de- 
colorized. 

The decolorization of potassium permanganate and the absorption 
of bromine show that the residue is an unsaturated compound 
which may contain one or 2 unsaturated bonds. The large amounts 
absorbed seem to indicate that the compound has two unsaturated 
bonds. 

t The test here used was the formation of the copper complex ion, which is 
not specific for tartrate ion but may be obtained by any alpha-beta-hydroxy- 
acid. The product isolated from the media responds to this test and in all 
probability was responsible for the positive results. 
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The reaction with heavy metals is usually regarded as specific 
for propiolic acid when the odor, solubility, melting point, insta- 
bility, and unsaturation have been established. A greenish yellow 
precipitate was formed at once when 1 cc. of a standard ammonical 
cuprous chloride solution was diluted with 5 cc. of distilled water 
and added to a drop of the ether extract. A whitish-yellow pre- 
cipitate was formed which turned dark within a few seconds and 
left a mirror-like deposit in the test tube when silver nitrate was 
added to the aqueous solution. 

The number of hydrogen atoms replaced by silver in this reaction 
is problematic. The instability of this compound makes it impossi- 
ble to obtain accurate results. However, the summation of numer- 
ous determinations showed approximate results which indicated 
that one hydrogen atom of the ether extract was replaced by one 
silver atom after which decomposition occurred, leaving the mirror- 
like deposit. This unsaturated compound does not appear in the 
media in large quantities. It requires 12 liters of the media to obtain 
1.06 gm. or 0.088 gm. per liter. 

The product extracted from the media is very much like pro- 
piolic acid. The purity of the material tested may be questioned 
in view of the limited attempts made to purify the substance. It is, 
however, very unstable and could be obtained only in such small 
quantities as to make further chemical analysis very difficult. Yet 
all tests applied to the substance clearly and distinctly indicate a 
pure product. The assumption that this acid is propiolic is based 
on the results obtained when tested as described by Mulliken. 

It cannot be definitely stated that this acid is produced in the 
metabolism of the carbohydrates since during the lengthy period 
of growth some of the bacteria may have disintegrated and might 
thus be responsible for this product. If this were true the amount 
of acid should increase with time; however the best yields were 
obtained soon after tests for dextrin and the tartrate ion became 
negative and thereafter the substance gradually disappeared from 
media (25-30 days after inoculation ). 

When ammonium chloride is substituted for ammonium tartrate 
in the media, an alpha-beta-hydroxy-acid appears in the media be- 
tween the 8-13 days and then disappears. This acid when extracted 
with ether responds to the same tests as that isolated when tartrate 
is used instead of chloride. 

While it cannot be definitely stated yet it seems rather conclusive 


1 Mulliken, Identification of Pure Organic Compounds, 1920, 75. Beilstein, 
Handbuch der Organ. Chem., 1920, 2, 477. 
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that this unsaturated acid is an intermediate product in the metabo- 
lism of dextrin. 

The product isolated has been shown to be an unsaturated acid 
which in every way corresponds to propiolic acid. 
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Reversibility of Specific Adsorption of Bacterial Agzlutinin. 


MALCOLM H. MERRILL. (Introduced by Moyer S. Fleisher.) 


From the Department of Bacteriology and Hygiene, St. Louis University School 
of Medicine. 


The adsorption of agglutinin by specific organisms in the pres- 
ence of low concentrations of electrolytes is a reversible reaction. 
This has been shown by the following experiment: Immune serum 
was diluted 1 to 50 with distilled water and added to distilled water 
suspensions of B. coli throughout a pH range of 2.5 to 10.5. Max- 
imum adsorption as determined by titration of the supernatant after 
centrifuging occurs at pH 5.8 to 6.0, the adsorption becoming pro- 
gressively less with either increasing acidity or alkalinity. At pH 
3.0 and 10.5 adsorption was always less than 5% compared to 98 
to 99% at pH 6.0. Washed organisms were used for adsorption 
and for the agglutinin determination. 

When adsorption occurred at pH 6.0 and the sedimented bacteria 
were resuspended in distilled water at various pH values a reversal 
of adsorption occurred in both acid and alkali. The titer of these 
extracts was always distinctly lower than was the residual titer of 
the supernatant following adsorption at the same pH. If, however, 
the eluted extracts were mixed with the supernatant obtained after 
adsorption at pH 6.0, from which over 98% of the agglutinin ac- 
tivity had been adsorbed, the titer was now restored to that of the 
supernatant after simple adsorption at the corresponding pH. The 
addition of normal rabbit serum to the extracts to give the same con- 
tent of normal serum constituents exerted the same effect. 

The work demonstrates that reversal of adsorption is possible 
and indicates the dependence of agglutination upon the presence of 
normal serum constituents. This last factor appears to have been 
neglected by previous workers who have studied the reversibility of 
agglutinin adsorption. 
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Components of the Vagus Nerve. 


RUSSELL L. JONES. (Introduced by A. Kuntz.) 


From the Department of Micro-Anatomy, St. Louis University. 


The number of unmyelinated fibers in the cervical vagus trunk 
greatly exceeds the number of myelinated fibers. Kiss’ regards the 
unmyelinated fibers as sympathetic fibers which join the vagus trunk 
mainly in the region of the superior cervical sympathetic ganglion. 
He denies the existence of unmyelinated fibers in the vagus rootlets. 
According to Ranson and Chase,’ and others, the unmyelinated 
fibers in the vagus trunk arise from cells in the brain stem and 
emerge in the vagus rootlets. 

In the present investigation, carried out on cats, anatomical and 
experimental studies were made of the relationships between the 
cervical sympathetic and vagus trunks and their myelinated and un- 
myelinated components. 

The superior cervical sympathetic and nodose ganglia were re- 
moved together from several cats. Threads were then tied to each 
of the ends of the respective trunks and the 2 ganglia were tied upon 
a glass frame with sufficient tension to draw them slightly apart, to 
provide an opportunity for the demonstration of any possible con- 
nections between them when the preparation was later sectioned. In 
several instances the cervical vago-sympathetic trunk was removed 
and sectioned transversely at intervals of less than 0.5 cm. Some of 
these preparations were stained with osmic acid and some with 
pyridine silver. 

Study of the sections showed that the 2 ganglia are connected by 
several small rami which contain both myelinated and unmyelinated 
fibers. These small rami contribute no more than a small fraction 
of the unmyelinated fibers of the vagus trunk. Sections of the vago- 
sympathetic trunk taken at short intervals show no interconnecting 
branches between the vagus and sympathetic trunks distal to the 
nodose ganglion. 

The vagus trunk is joined by rami from the inferior cervical 
sympathetic ganglion. These are more apparent on the right than 
on the left side. Schinozaki* also finds this to be true in man. The 
sum total of all the fibers which join the vagus from the inferior 


1 Kiss, F., Arch. du Museum National d’Historte Naturelle, 1931, 6, 7. 
2 Ranson, 8. W., and Chase, M., J. Comp. Neur., 1914, 24, 31. 
3 Sehinozaki, S., Folio Anatomica Japonica, 6, 599. 
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cervical sympathetic ganglion is relatively small as compared with 
the total numbers of fibers in the vagus trunk. 

Eight cats were subjected to extirpation of the superior and in- 
ferior cervical sympathetic ganglia on the same side. In 4 the gan- 
glia were removed from the right, and in 4 from the left side. The 
inferior ganglion usually was removed first and the superior gan- 
glion 4 to 7 days later, and the cats were autopsied 10 to 21 days 
later. Portions of both vagi were taken at various levels, 1 to 2 
cm. above the origin of the recurrent nerve, 1 to 2 cm. below this 
point, and 1 to 2 cm. below the heart. The tissues from 4 cats 
were stained with osmic acid and those from the other 4 with pyri- 
dine silver. Sections of the vagus on the operated side were com- 
pared with those on the unoperated side. 

The operations had but little effect on the vagus trunk at either 
of the 3 levels described. Pyridine silver sections of the vagus 
nerve of 2 cats just distal to the recurrent nerve show a very small 
area of degeneration on the operated side. This probably repre- 
sents a small contribution of fibers from the inferior cervical sym- 
pathetic ganglion: 

Various workers have called attention to an apparent increase in 
the number of unmyelinated fibers in the vagus trunk in the region 
of the nodose ganglion. The results of recent work indicate that 
there is no increase in the number of unmyelinated fibers in the 
trunk below the nodose ganglion, 7. e., myelinated fibers do not lose 
their myelin sheaths as they are traced distally. Careful study of | 
sections of the vagus rootlets reveals unmyelinated fibers in consid- 
erable abundance, but in much smaller numbers than the numbers of 
unmyelinated fibers present in the vagus trunk distal to the nodose 
ganglion. The vagus trunk proximal to the nodose ganglion con- 
tains unmyelinated fibers in approximately the same numbers as the 
vagus rootlets. 

Comparison of the vagus trunk proximal and distal to the nodose 
ganglion shows a great difference in the ratio of myelinated to un- 
myelinated fibers. Proximal to the ganglion the greater part of the 
cross-sectional area of the trunk is occupied by myelinated fibers, 
while distal to it the greater part of the cross-sectional area is occu- 
pied by unmyelinated fibers. Serial sections through the nodose 
ganglion show that this change is effected by a gradual increase 
downwards through the ganglion in the number of unmyelinated 
fibers. Another factor in the change 1s the deviation from the vagus 
trunk of the fibers which make up the superior laryngeal nerve. 
Counts made of the fibers in the vagus trunk proximal and distal to 
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the nodose ganglion and in the superior laryngeal nerve are re- 
corded in Table I. These counts indicate quite clearly that the 
nodose ganglion is the site of origin of the majority of the unmye- 
linated fibers in the vagus trunk. 


TABLE I. 
Cat No. 40,Osmic Acid Cat No. 25, Pyridine Silver 
No. myelinated fibers No. unmyelinated and 
myelinated fibers 
Left vagus above nodose 5,377 7,877 
Left superior laryngeal 2,182 2,808 
Left vagus below nodose 2,848 11,872 


The large size of the nodose ganglion, as expressed especially by 
its length, might indicate that it probably is more than an ordinary 
sensory ganglion. If the cells in the nodose ganglion were asso- 
ciated only with afferent fibers, there should be fewer ganglion cells 
in this ganglion than there are fibers above it. Counts of the cells 
in the nodose ganglion and the myelinated fibers in the vagus trunk 
proximal to the ganglion are recorded in Table II. 


TABLE II. 
Cat No. 34—Osmic Acid. 


No. of cells in nodose ganglion 14,384 
Myelinated fibers in vagus trunk above ganglion 4,263 


The number of unmyelinated fibers in this trunk could not be 
determined since the stain used was osmic acid. The data of Table 
I, which were obtained from a cat of the same size, however, show 
that the number of cells in the nodose ganglion far exceeds the total 
number of myelinated and unmyelinated fibers in the vagus trunk 
proximal to the ganglion. The number of cells counted closely ap- 
proximates the number of fibers counted in the vagus trunk distal to 
the ganglion. The greater number of the cells of the nodose gan- 
glion, therefore, must be regarded as the cells of origin of the un- 
myelinated fibers. 

The vagus trunk was severed above the nodose ganglion on the 
right side in one cat, anc on the left side in another. After a degen- 
eration period of 15 days, these cats were autopsied and pieces of 
the vagus nerves distal to the ganglia were obtained and prepared 
for study. These preparations showed only partial degeneration of 
the unmyelinated fibers, indicating that the major portion of the 
unmyelinated fibers arise from cells in the nodose ganglion. The 
degenerated fibers in these preparations presumably represent pre- 
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ganglionic components of the vagus which terminate in ganglia 
located farther distally. These results confirm the physiological evi- 
dence of the existence of efferent cells in the nodose ganglion re- 
cently reported by Morgan and Goland.* 
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Estimation of Hemoglobin on a Basis of Protein Iron. 


A. P. BRIGGS. 
From the Department of Internal Medicine, St. Louis Unwersity Medical School. 


There have been several micro-methods in the recent literature 
for the determination of total iron in blood, ** and it has been 
suggested that these determinations be used for the calculation of 
hemoglobin. On account of the constant breakdown of hemoglobin 
to bilirubin there is a variable quantity of liberated inorganic iron 
which may amount in certain anemias to more than 5% of the 
hemoglobin iron.* Consequently it would seem advisable to make 
a preliminary separation of inorganic iron from hemoglobin. 
Riecker* has observed that such a separation may be accomplished 
by means of a trichloracetic acid precipitation. 

In the present study hemoglobin has been calculated from the iron 
determined in the trichloracetic precipitate from whole blood accord- 
ing to the following technique: A 1 cc. sample of blood is trans- 
ferred to a 50 cc. centrifuge tube, baked with N/10 HCl and pre- 
cipitated with trichloracetic acid. After centrifugation the super- 
natant fluid is poured off, the precipitate dissolved in a minimal 
quantity of NaOH, transferred to an Erlenmeyer flask, and di- 
gested with 5 cc. of nitric acid and 0.5 cc. of 60% perchloric acid. 
The digest is dissolved in 5 N H.SO,, transferred to a 50 cc. volu- 
metric flask and the prussian blue color developed, using gum ghatti 
as a protective colloid. A standard of known iron content for com- 
parison is prepared at the same time. This technique for determin- 
ation of protein iron has been used to standardize a dry hemo- 
globin preparation which is used for the determination of hemo- 


4 Morgan, L. O., and Goland, P. P., Anat. Rec., 1932, 52, 26. 

1 Wong, S. Y., J. Biol. Chem., 1923, 55, 421. 

2 Kennedy, R. P., J. Biol. Chem., 1927, 74, 385. 

3 Reis, Frederick, and Chakmakjian, H. H., J. Biol. Chem., 1931, 92, 59. 

4 Riecker, Herman-H., and Winters, Mary E., Am. J. Physiol., 1930, 92, 197. 
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globin by means of the acid hematin color, somewhat according to 
the plan of Elvehjem’ and Arnow.° 

The hemoglobin powder is prepared from blood by precipitating 
the hemoglobin and other proteins with NaCl at saturation after 
acidification with hydrochloric acid. The precipitate is washed with 
strong NaCl solution, dried and pulverized. In use a weighed 
quantity of the powder is dissolved in N/10 NaOH and trans- 
ferred to a volumetric flask. In another flask the test sample of 
blood is treated similarly with NaOH. After a few minutes the 
contents of both flasks are diluted to the mark with water and suf- 
ficient HCl to make the final concentration N/10. 


TABLE I. 
Hemoglobin by Protein Fe and Og Capacity. 


Basis of Protein Fe Basis of 

Subject Direct as Indirect as Og Capacity 
Prussian blue acid hematin 

BP: L730 17.10 17.00 
W. L. N. 17.09 16.70 16.58 
J. G. 18.11 18.05 18.00 
Pernicious Anemia 5.28 5.32 4.56* 
Leukemia 9.82 9.72 9.72 
Malaria 9.37 9.26 9.68 
Pneumonia 13.41 13.32 13.85 
Jaundice 14.15 14.26 14.13 
Nutritional Edema 12.00 11.82 12.15 


* Low result due to poor quality saponin. 


In the accompanying table are data on three normal individuals 
and a few patients, showing close agreement between hemoglobin 
values calculated from oxygen capacity and from protein iron. Fig- 
ures represent gm. percent. 
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Effect of Theelin Injections upon the Castrated Woman. 


AUGUST A. WERNER. (Histological Study by W. D. Collier.) 


From the Departments of Internal Medicine and Pathology, St. Louis University 
School of Medicine. 


These experiments were an attempt to determine the’ effect of 
various dosages of theelin upon human female castrates of different 
ages and for varying periods of castration, with particular interest 


5 Elvehjem, ©. A., J. Biol. Chem., 1931, 93, 203. 
* Arnow, L. Earl, Proc. Soc. Exp. Biou. anp Mup., 1932, 29, 569. 
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in the effect upon the subjective symptoms of castration and the 
involuntary changes of the breasts and genital tract. 

Five white women who had complete bilateral ovariectomy per- 
formed and whose uteri were intact were used in these experiments. 
The ages ranged from 22 to 40 years. The age at castration ranged 
from 21 to 38 years and the time elapsing since castration ranged 
from 64% months to 6 years. All had amenorrhea and the subjec- 
tive symptoms of castration and all showed atrophic breasts and 
genital tracts upon physical examination. Curretage of the endo- 
metrium showed extensive atrophy of the endometrium in all 
cases. All other physical and laboratory tests were normal. 

All patients received daily a dose of 200 rat units of theelin in- 
tramuscularly in the upper genital region during the first 28 days, 
300 rat units during the second 28 days, and 400 rat units during 
the third 28 day period. After the third period, injections were 
stopped to determine if uterine bleeding would occur as claimed by 
some writers. The total period of daily observation of each pa- 
tient was over 5 months. 

All patients showed relief from subjective symptoms of castration 
in from 6 to 20 days. All showed an increased congestion of the 
cervix and a mucous discharge from the cervix within the first two 
weeks. All patients showed enlargement of the breasts, erection 
of the nipples and sometimes even complained of the tingling and 
sense of fullness of the breasts. The oldest patient, 40 years of age, 
alone failed to show a relatively marked hyperplasia of the endo- 
metrium and alone failed to show bleeding from the uterus accom- 
panied by all the usual subjective symptoms of menstruation. Uter- 
ine bleeding occurred in 4 patients during the administration of 
theelin and 3 showed bleeding during the first week after the hor- 
mone was discontinued. The endometrium was not only increased 
in thickness in all except the one patient mentioned but it also be- 
came much more differentiated. The mucoid type of stroma found 
at the beginning eventually differentiated out normal hyperchro- 
matic stroma cells and the epithelium differentiated out more fully, 
sending down longer and more tortuous tubules. 

Obviously excessive doses of theelin were given over a period of 
at least 84 days without discomfort until 6 to 8 cc. were given, and 
then there was only local and transitory discomfort. 
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Isolation and Cultivation of Bacterium melaninogenicum. 


KENNETH lL. BURDON. (Introduced by J. Bronfenbrenner.) 


From the Department of Bacteriology and Immunology, Washington University 
School of Medicine, St. Louis. 


We previously pointed out’ the constant occurrence of Bacterium 
melaninogemicum? in the normal mouth and on the external genitalia, 
and its abundance in connection with various pathologic processes. 

Since then, our experience and that of others has amply confirmed 
the very frequent association of this bacterium with infections of 
various types, and while there is no satisfactory evidence that the 
organism is by itself invasive, it is one of the most prominent con- 
comitant organisms in pyorrhea, lung abscess, sub-acute puerperal 
fever, and similar mixed infections. 

Workers have not yet succeeded in maintaining the organism in 
pure culture, and therefore its systematic description and identifica- 
tion have not been attempted. The organism will develop readily for 
a time in symbiosis with other organisms (such as Strep. viridans), 
but its ultimate isolation from such mixtures is no easier than from 
the primary cultures, and it is soon lost. 

Recognizing that the formation of pigment by an organism is 
associated with senescence, Dr. Bronfenbrenner suggested that the 
almost constant failure to secure pure growth in transfers from 
pigmented colonies is probably due to loss of viability of the or- 
ganisms. It was found that this assumption is correct, and that 
pure cultures can be secured and maintained if transfers are made 
very frequently from colonies before they develop much pigment. 
The original material is streaked directly upon plates of freshly 
made hormone blood agar (pH 7.4) and the plates are incubated for 
about 4 days in an anaerobic jar. Single colonies which are just 
beginning to show a brownish color are then fished to warmed 
plates of the same medium. Thereafter the pure growths must be 
transplanted at short intervals (48-72 hours) until they become 
adjusted to artificial conditions. Cultures usually are not viable 
for longer than 6 or 7 days, except after several months of culti- 
vation. The following are among the principal properties of the 
several strains which have been studied. 

The organism is a Gram negative, non-spore-bearing, non-motile, 


1 Burdon, K. L., J. Infect. Dis., 1928, 42, 161. 
2 Oliver, W. W., and Wherry, W. B., J. Infect. Dis., 1921, 28, 341. 
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anaerobic bacillus, showing considerable variation in morphology 
from a very small cocco-bacillus to longer rods, and occasional thread 
forms. The rods are frequently vacuolated and show bipolar stain- 
ing. There is a marked tendency for the organism to undergo spon- 
taneous autolysis after a few days growth, particularly in liquid 
media. On blood agar the organisms produce hemolysis which 
varies in intensity with the amount of the pigment, and is slight 
when cultures are transplanted frequently on this medium. The 
organism does not ferment dextrose, nor any other of the 8 com- 
mon carbohydrates tested. It is strongly proteolytic, causing diges- 
tion of coagulated serum, egg, and milk, and to a less extent the 
proteolysis of meat and brain media, with the slow formation of gas. 
Gelatin is liquefied. A large amount of indol is produced. 

The characteristic pigment is formed only in media containing 
hemoglobin. The pigment appears late, after active multiplication 
has ceased. It always develops first in the center of single colonies, 
in the immediate vicinity of a contaminating colony (where growth 
is accelerated) and, in pure cultures, in the areas of heaviest growth. 
The pigment can be extracted from the bacteria in acidified methyl 
alcohol, and precipitated by neutralization. The amorphous brown- 
ish-black powder thus secured is soluble in dilute alkali, but insoluble 
in water, ether, chloroform, neutral methyl or ethyl alcohol, xylol, 
dilute acids, carbon disulphide, or carbon tetrachloride. 

The organism is not virulent when tested by intraperitoneal and 
intravenous injections of actively growing pure cultures into guinea 
pigs and rabbits. One strain, however, has produced an extensive 
cutaneous gangrene in these animals when inoculated subcutaneous- 
ly, with death of the animals in about 48 hours. There were no 
evidences of septicemia. 
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Effect of KI upon Basal Metabolism and Respiratory Quotient in 
Thyroidectomized Guinea Pigs.* 


WALTER J. SIEBERT. 
From the Department of Pathology, Washington University School of Medicine. 


Loeb,* Gray and Rabinovitch,” McCordock,* and others have 
found that the administration of potassium iodide causes a marked 
stimulation of the thyroid gland in guinea pigs, as shown by a great 
increase in the number of mitotic figures, a slight softening of the 
colloid and an increase in the height of the acinar epithelial cells. 
Cordonnier* and the author’ found that the basal metabolism was 
only very slightly affected after administration of KI in guinea pigs. 
In the latter experiments, the majority of the determinations as well 
as the average for all the animals was at the upper limit of the 
variations obtained in normal animals. Loeb’ suggested the fol- 
lowing possibilities to explain this discrepancy which exists between 
the marked degree of stimulation of the thyroid gland and the very 
slight effect upon basal metabolism after administration of KI. 
(1) Although KI stimulates the thyroid gland at certain periods of 
its action at the same time it prevents an excess of thyroxin thus pro- 
duced from leaving the acini, and instead it is at least partly re- 
tained in the gland. (2) The stimulation of the acini does not 
necessarily lead to an excess production of thyroxin. (3) Peripheral 
effects counteract the stimulating effect of the thyroid hormone 
upon the basal metabolism. 

The following experiments were carried out to investigate the 
peripheral action of KI. Twelve male guinea pigs, weighing be- 
tween 400 and 450 gm., were as completely thyroidectomized as 
was possible, and 3 weeks after the operation, 8 were given 0.05 
gm. of KI by mouth daily and biweekly metabolism tests were 
made. The remaining 4 guinea pigs served as controls. These 
were similarly thyroidectomized but were not given KI. At the 


* These investigations were carried out with the aid of a grant for research in 
science made to Washington University by the Rockefeller Foundation. 

1 Loeb, Leo, Am. J. Path., 1926, 2, 19. 

2Gray, S. H., and Rabinovitch, J., Proc. Soc. Exe. Bron. AND Mup., 1929, 26, 
468. 

3 McCordock, Howard A., Proc. Soc. Exp. Brot. anD Mrp., 1928, 26, 109. 

4 Cordonnier, J., Proc. Soc. Exp. Brot. AND MmEp., 1929, 26, 636. 

5 Siebert, Walter J., and Smith, Robt. 8., Proc. Soc. Exp. Bron. AND Mep., 
1930, 27, 629. 
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operation, a careful effort was made to remove all of the thyroid 
gland tissue and to leave behind sufficient parathyroid tissue to 
prevent tetany from occurring. It was found, however, when autop- 
sies were performed and preparations made of suspicious tissue for 
microscopic confirmation that in the majority of animals small rem- 
nants of thyroid tissue could be found. It is very probable that 
these remnants of thyroid gland tissue become sufficiently large to 
be seen only after compensatory hypertrophy has occurred. The 
control animals and the KI ted animals were tested at the same 
time under similar conditions. The Haldane open circuit respira- 
tory calorimeter was used to make the tests, made after a 24-hour 
fasting period. Amytal (Lilly) in small doses was injected sub- 
cutaneously just prior to the trial periods to keep the animals quiet 
while determinations were being made. Two hour test periods were 
used in each case. The basal metabolism values of the 4 control 
animals ranged from 2.0 to 3.14 calories per kilo per hour; while 
the KI fed animals showed variations between 1.91 and 3.42 calo- 
ries per kilo per hour before the administration of KI began. Thus 
the values for the basal metabolism in these guinea pigs after com- 
plete or almost complete thyroidectomy ranged between 0 and 45% 
below the average for normal guinea pigs. Within a few days follow- 
ing the daily administration of 0.05 gm. KI by mouth all 8 guinea 
pigs began to show basal metabolism values distinctly lower than 
those obtained in the animals which were thyroidectomized but to 
which no KI was administered. This lowering of the basal metabolic 
rate continued throughout the entire period of the experiments, from 
14 to 30 days. The values obtained in the KI fed animals ranged be- 
tween 1.52 and 3.30 calories per kilo per hour; and in all except a 
very few determinations the rates were distinctly lower in each indi- 
vidual experiment in this group than in those obtained at the same 
time in the control animals. This alteration in the basal metabolic 
rate ranged from 2% above to 55% below the average of those which 
were thyroidectomized but to which no KI was administered. The 
total average of the 36 determinations for the control group was 
2.87 calories per kilo per hour, which is 18% below the average 
which we obtained in normal guinea pigs; while the total average 
for the 50 determinations of those which had received KI was 2.38, 
32% below that of normal animals. Thus the average basal metab- 
olism was approximately 14% lower in the 8 thyroidectomized 
guinea pigs which had received KI than the average of the 4 thy- 
roidectomized guinea pigs to which no KI was administered. 

The respiratory quotients of the thyroidectomized guinea pigs 
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which had received KI were distinctly higher in the large major- 
ity of cases as compared with those which did not receive KI. The 
respiratory quotients varied between 0.706 and 0.819 in the control 
group, whereas in the KI fed group they ranged between 0.727 and 
1.04. The total average of all the respiratory quotients in the con- 
trols was 0.747, as compared with 0.859 in the KI fed group. In 
only 12 out of 50 determinations were the respiratory quotients 
within the range of the control, while in the remaining 38 tests, the 
KI fed guinea pigs had respiratory quotients distinctly higher than 
those of the control experiments. There was no correlation between 
the lowering of the basal metabolic rate and the rise in the respira- 
tory quotient in individual cases. 

Conclusions. The administration of KI to completely or almost 
completely thyroidectomized guinea pigs causes (1) a lowering of 
the basal metabolic rate and (2) a rise in the respiratory quotient. 
The peripheral effect of KI in causing a depression in basal metabo- 
lism is at least partly responsible for the fact that KI causes only a 
very slight effect upon the basal metabolism although the thyroid 
gland shows evidence of a marked degree of stimulation. 


Peiping Section. 


Peiping University Medical College, April 28, 1932. 
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A Comparative Study of Various Typhoid O Antigens. 


D. HUIE WONG anv 8. H. ZIA. (Introduced by C. E. Lim.) 


From the Department of Bacteriology and Immunology, and Department of 
Medicine, Peiping Union Medical College. 


In view of the increasing interest bacteriologists and clinicians 
have taken in O agglutination in typhoid fever, and the different re- 
sults’ * * *° reported with the use of various antigens, it seems 
worth while to report a comparative study of 3 commonly used 0 
antigens in humian cases. 

Two of the suspensions were prepared from a smooth Rawlings 
strain of B. typhosus culture, one of which was treated with alcohol 
according to Gardner’s modification of Bien’s method ;” * the other 
was cultured in 0.1% phenol broth (Braun*). The third suspension 
was a formalized suspension of Ty 901 strain (a non-motile B. 
typhosus) kindly supplied to us by Gardner. The 3 suspensions 
were not used throughout the study; alcohol and phenol suspensions 
were used in the first part of the work and alcohol and Ty 901 sus- 
pensions in the latter part of the work. 

Dreyer’s macroscopic agglutination technique was followed in all 
tests. Incubation was at 56°C. over night. The titre was considered 


1Gardner, A. D., J. Hyg., 1929, 28, 376, and personal communication. 

2 Felix, A., J. Hyg., 1929, 28, 418. 

3 Whitehead, N. T., J. R. A. M. C., 1930, 55, 81. 

4 Stuart, G., and Kukorian, K. 8., J. Hyg., 1929, 28, 105. 

5 Pijper, A., J. Hyg., 1929, 29, 380. 

* Suspend an 18-24 hour growth in a small amount of 0.5% carbolized 
physiological saline. Add an equal volume of absolute alcohol. Stand overnight 
at 37°C. Add saline to reduce the alcohol concentration to 33%. Shake well and 
leave standing in a cylinder for a few hours to allow foreign matter, clumps, etc., 
to deposit. Pour or pipette off the supernatant suspension which is used in the 
tests. 

6 Braun, H., Berl. klin. Wehnschr., 1918, 55, 637. 
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as the highest dilution in which a 2 plus agglutination occurred. All 
tests resulting in a positive reaction gave a typical granular agglu- 
tination. In reporting results only those cases having a titre of 
1:160 or above were considered positive. 

The results were tabulated into 3 main groups (1) typhoid cases; 
(2) cases vaccinated with T.A.B., subdivided according to the 
route of inoculation, subcutaneous or intravenous, since one of us’ 
found that this affects the incitement of the 0 agglutinins, (3) all 
other cases which seryed as control. Table I gives the results ob- 
tained with 427 cases, 239 of which were tested with the alcohol 
and phenol suspensions and 188 of which were tested with the 
alcohol and Ty 901. The 3 suspensions did not act similarly in all 


TABLE I. 
Specificity of Various O Antigens. 


Typhoid Cases Vaccinated Cases Control Cases Total 
Subcutaneous Intravenous Cases 
route route 

Antigen Total Pos. % Total Pos. % Total Pos. % Total Pos. % 

Alcohol 17 «82 1 8 2°. (33 2 1 
33 13 6 136 188° 

Ty 901 21 «63 0 0 5-83 0 0 

Alcohol 18.) 75 1 1 4 67 3 2 
24 69 6 140 239 

Phenol OT) NBT: 5 7 5 83 5 4 


cases. The Ty 901 suspension was the most specific, as it reacted 
positively only in cases of typhoid infection and those intravenously 
inoculated. The alcohol treated suspension gave a lower percentage 
of positive reactions in typhoid cases than either the Ty 901 or 
phenol. It was not as specific as Ty 901 as a few of the non-typhoid 
cases reacted positively with it, but was more specific than the phenol 
suspension which gave a higher positive percentage among the non- 
typhoid cases. The phenol suspension although the most sensitive as 
regards the disease itself, had the disadvantage of being least speci- 
fic. These results may be an explanation of the conflicting reports 
in the literature as to the presence of 0 agglutinins in patients who 
have had previous subcutaneous inoculations with the T.A.B. vac- 
cine, and it, therefore, seems best to use the Ty 901 antigen as a 
standard 0 suspension in the diagnosis of typhoid fever. 


1 Zia, S. H., Proc. Soc. Exp. Bron. anD Mep., 1931, 29, 253. 
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Active Bacterial Anaphylaxis in Relation to Antibody 
Production. 


C. E. LIM anv T. J. KUROTCHKIN. 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College. 


The conception of anaphylaxis as an antibody-antigen reaction is 
generally admitted but the existence of a special anaphylactic anti- 
body has never been conclusively demonstrated. The experiment 
of Doerr and Russ’ indicated that a very definite quantitative rela- 
tionship between precipitin content of the blood and its sensitizing 
power existed. The hypothesis of the essential identity of anaphy- 
lactic antibody and precipitin remained unchallenged until further 
light was thrown upon the subject by subsequent investigations. 
Manwaring and others’ have shown that in dogs the sensitizing po- 
tency of the serum is probably different from its immune power. 
Spain and Grove’ have also found that precipitin and anaphylactic 
reactions in rat might possibly represent 2 different immunological 
phenomena. Our previous experiment* on active sensitization of 
guinea pigs with certain strains of the yeast-like fungi has also re- 
sulted in a finding indicating that the sensitizing power of closely 
related species of these organisms is distinctly different. 

It seems of interest to determine whether a correlation between 
sensitizing and antigenic properties of different moniliae could be 
found. For the present experiment, Monilia pinoy: and Momilia 
psilosis have been selected. The biological difference between these 
2 species consists mainly in the fact that the former fungus ex- 
hibits a considerably higher sensitizing power than the latter. Speci- 
fic polysaccharids were prepared from each monilia strain, using 
a similar method. The serological tests performed with each poly- 
saccharid showed that their specific activities in precipitin and com- 
plement fixation reactions when set up against homologous rabbit 
antiserum gave similar readings. In cross precipitin reactions both 
polysaccharids also showed identical titres. 

Active sensitization of guinea pigs was performed through the use 

1 Doerr, R., and Russ, V. K., Z. f. Immunitdtsforsch., 1909, 3, 181. 

eee W. H. Shumaker’ P. W., Wright, P. W., Reeves, D. L., and Moy, 
H. B., J. Immunol., 1997, 13, 59. 

3 ere W. C., and Grove, E, F., J. Immunol., 1925, 10, 433. 

4 Kurotehkin, T. J., and Lim, C. E., Proc. Soc. Exp. Bron. AnD Mxp., 1930, 28, 
223. 
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of 48 hour Sabouraud agar cultures suspended in normal saline to 
an equal density and killed by exposure to 75°C. for 45 minutes. A 
series of young and approximately equal weight guinea pigs was 
divided into 4 groups, each receiving 1 to 4 doses respectively, each 
dose consisting of 1 cc. of the respective monilia suspension, admin- 
istered intraperitoneally at 3-day intervals. Two weeks after the 
last injection each animal was bled through heart puncture, follow- 
ing which it reteived the intravenous injection of a dose of the 
homologous polysaccharid dissolved in 1 cc. of saline. The blood 
collected was then tested for precipitin and complement fixing anti- 
bodies against various dilutions of the polysaccharid. The anaphy- 
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lactic response of each animal and the antibody content of its blood 
were recorded. 

Results. As seen from-Table I, the sensitization of guinea pigs 
with dead cultures of the Monilia pinoy: showed that irrespective of 
the number of the monilia injections, positive anaphylactic response 
has been secured in each group of animals. Fatal shock was gener- 
ally produced in those animals which received 1-2 mg. injection of 
the polysaccharid. The determination of the precipitin and com- 
plement fixing antibodies in the blood of animals sensitized with the 
Monta pinoyi showed that after 2 intraperitoneal injections of the 
fungous culture, no demonstrable antibodies were present. Positive 
reaction both in precipitin and complement fixation test occurred 
only in the blood of those animals which received at least 3 monilia 
injections. Positive precipitin reaction was observed with dilutions 
of the specific polysaccharid ranging from 1:100 to 1:10,000. On 
the other hand, the complement fixation test gave a considerably 
lower titre, being positive only with dilutions not exceeding 1 :250 of 
the polysaccharid. 

Sensitization of guinea pigs with the culture of the Momilia psilo- 
sis and subsequent determination of the antibody content in the 
blood of these animals gave results precisely similar to that found 
in animals sensitized with the Momilia pinoy. 

The anaphylactic response of animals sensitized with the Momilia 
psilosis was, however, quite different from that obtained from 
Monilia pinoyi. Animals receiving one or 2 injections of the monilia 
suspensions and showing no antibodies in their blood, responded to 
the injection of the polysaccharid negatively. Positive anaphylactic 
shock occurred in those animals which received more than 2 injec- 
tions of the monilia culture and showed demonstrable antibodies in 
their blood. 

Conclusion. In an attempt to determine the relationship between 
anaphylactic response and antibody content in guinea pigs actively 
sensitized with different strains of yeast-like fungi, it was found 
that in case of Monilia pinoyi sensitization appeared before the pre- 
cipitin or complement fixing antibodies could be demonstrated. A 
similar experiment with the Momilia psilosis showed that anaphy- 
lactic response was produced in guinea pigs only in the presence of 
demonstrable precipitin. The experiment indicates also that, so far 
as guinea pigs are concerned, the reaction of precipitation is con- 
siderably more sensitive than that of complement-fixation. The 
findings presented here may suggest that in certain species of yeast- 
like fungi, the highly developed sensitizing power constitutes the 
differential biological characteristic of the fungus. 
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Susceptibility of the Chinese Stripted Hamster (Cricetulus Grisens) 
to Treponema pallidum. 


CH’UAN-K’UEI HU ann LOUISE PHARCE, 
From the Peiping Union Medical College. 


Experiments to determine whether the Chinese hamster is sus- 
ceptible to inoculation with Treponema pallidum have shown that 
organisms pathogenic for the rabbit may be recovered from certain 
tissues of this animal species. It would appear that there is dis- 
semination of the organisms from the local focus of inoculation 
and presumably a multiplication of them occurs. 

Hamsters were injected in one testicle with a tissue (orchitis) 
emulsion rich in spirochetes obtained from rabbits which had been 
inoculated with either the Nichol’s strain or with a strain (P III) 
isolated from a patient in this hospital in 1926. At varying periods, 
the hamsters were killed by ether anesthesia and different tissues, 
emulsified with sterile normal saline were injected intratesticularly 
in normal rabbits. The rabbits were under observations approxi- 
mately 3 months. In the case of those in which a clinical orchitis 
was not detected together with darkfield demonstration of spiro- 
chetes, the inoculated testicle and the popliteal lymph nodes were 
injected in a second set of rabbits; in a few instances, this pro- 
cedure was repeated in a third set of rabbits. 

The available results on the first generation of rabbit transfers 
may be summarized as follows: (1) In rabbits injected with the in- 
oculated hamster testicle, 37, 64, and 138 days previously, a syphi- 
litic orchitis developed in 2 to 3 weeks. (2) The inguinal lymph 
nodes of a hamster which was inoculated 64 days previously, induced 
a syphilitic orchitis in 2 rabbits in 7 and 9 weeks respectively ; nodes 
from a hamster inoculated 138 days previously gave negative results 
in one rabbit. (3) Brain tissue of a hamster injected 138 days pre- 
viously, induced a syphilitic orchitis in a rabbit in 43 days; nega- 
tive results followed the injection of brain tissue of 2 hamsters in- 
jected 37 to 64 days previously. (4) Negative results followed the 
injection of uninoculated hamster testicle (64 and 138 days) and of 
heart’s blood (24, 37, 64, and 138 days). 

No gross changes were detected in the organs of the hamsters 
and furthermore, no spirochetes were demonstrated by darkfield in 
any of the tissue emulsions examined. 


The sojourn of the organisms in the hamster for one passage 


y 
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generation did not appear to affect the pathogenicity of the strains 
for the rabbit, as judged by the length of the incubation period of 


the orchitis and by the subsequent development of generalized 
lesions. 
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Further Evidence of Additional Substances Essential to Mammalian 
Nutrition 


H, K. STIEBELING (Introduced by H. C. Sherman) 


From the Department of Chemistry, Columbia University 


This paper briefly reports some of the experimental evidence en- 
countered in the course of experiments on vitamin G, which can 
best be interpreted by postulating the existence of more than the 6 
vitamins generally recognized as factors in mammalian nutrition. 
The evidence included is of two types. The first type deals with 
the supplementary nature of 2 sets of vitamin G-containing prod- 
ucts, and the second with the contrasting growth response of 
animals of different nutritional history, during the latter part of a 
vitamin G-test period. 

In testing by the Bourquin and Sherman method’ the vitamin G 
potency of laboratory preparations obtained in fractionation and 
concentration experiments, a supplementary effect on growth was 
observed when a mixture of 2 fractions of skim milk powder was. 
fed, as contrasted with the results obtained upon feeding twice the 
quantity of either fraction by itself. Fig. 1 shows the effect upon. 
gain curves of feeding daily, (a) a definite quantity (27) of an 
extract made at room temperature from skim milk powder with 
80% (by weight) alcohol; (b) a definite quantity (2y) of the 
residue left after extracting the milk powder as described in (a), 
and (c) a mixture (x + y) of half of each quantity of the products 
just described. During the first few weeks of the test period, the 
rate of gain permitted by the mixture of the 2 supplementary mate- 
rials was between that permitted by either given separately, as 
would be expected if vitamin G were the sole growth-limiting 
factor. But during the latter part of the test period, the rate of 
growth permitted by the mixture exceeded that allowed by either of 
the supplements alone. These results can be explained by postu- 


1 Bourquin, A., and Sherman, H. C., J. Am. Chem. Soc., 1931, 58, 3501. 
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GAIN 1M GRAMS 


TIME IN DAYS 


Ie. 1. 


Gain curves of rats between the 6th and 12th weeks of their life, showing in 
vitamin G tests a supplementary effect of two products upon growth. X is an 
extract of skim milk powder made at room temperature with 80% aleohol; Y is 
the residue corresponding to X. Each curve represents averages of 3 or 4 ex- 
periments. 


lating that the bodily requirement of some nutritive essential other 
than vitamin G (in the strict sense of the Bourquin method) was 
not furnished by the basal diet, and was unequally supplied by the 
2 fractions of the milk powder, the residue containing, relatively 
more of the “new” factor. This factor was furnished to the group 
of animals receiving the extract from a bodily store of the animals, 
until this reserve was depleted, whereupon growth practically ceased 
for lack of the “new” factor. On the other hand, the mixture of 
the 2 fractions contained enough of the “new” factor, or enough 
was furnished jointly by the bodily store and by the mixture fed, to 
permit continuous growth throughout the experimental period. 
This view is confirmed by the data presented in Fig. 2. The gain 
curves there shown are of experimental animals which had received 
from one to 2 units of vitamin G between the 6th and 14th weeks 
of their life, the period usually included by a vitamin G test. At 
the end of this period the bodily store of the “new” factor was 
probably much depleted. Matched animals were then given (a) a 
definite quantity of an extract (27) made from skim milk powder 
by treating it with 80% alcohol at room température; (b) a definite 
quantity of a filtrate (22) left after treating with Lloyd’s reagent 
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GAIN IN GRAMS 


20 3a 
TIME /N DAYS 
Fig. 2. 


Gain curves of rats between their 14th and 20th week of life showing, in vita- 
min G tests, a supplementary effect of two products upon growth. X is an ex- 
tract of skim milk powder made at room temperature with 80% alcohol; Z is the 
filtrate left after treating with Lloyd’s reagent, an extract of skim milk powder 
made with boiling 95% alcohol. Each curve represents averages of 3 or 4 ex- 
periments. 


an extract made from skim milk powder by means of boiling 95% 
alcohol; and (c) a mixture (x + 2) of half of each of the quan- 
tities of products just described. One product was, apparently, a 
relatively good source of vitamin G, and a poor source of the “new” 
factor; the other, a relatively good source of the “new” factor and 
a poor source of vitamin G. The mixture promoted much better 
growth in these older rats than double the quantity of either product 
by itself. 

The successful demonstration of supplementary effects on growth 
of these products was partially contingent on the use of experimen- 
tal animals whose bodily store of the “new” factor was fairly low. 
The animals used in these experiments were reared by mothers re- 
ceiving a diet consisting essentially of % whole milk powder and % 
ground whole wheat. But the attempt to use as vitamin G reagents, 
rats with this nutritional history, rather than those with a more 
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optimal one, as is customary in most vitamin studies in this labora- 
tory, also led to the discovery of a second type of evidence on the 
existence of “new” factors necessary to mammalian nutrition. 

In the development of their method for the determination of 
vitamin G, Bourquin and Sherman’ used as reagents, animals reared 
by mothers receiving a diet composed essentially of % whole milk 
powder and *% ground whole wheat with or without the addition of 
raw lean beef. When the young with this nutritional history, de- 
pleted of their bodily reserves of vitamin G by a basal diet free from 
that vitamin, were given graduated portions of milk as vitamin 
G-containing food, they made a continuous and uniform growth 
response throughout an 8-week test period. No marked cessation 
of, or change in the rate of, growth was observed when the gains 
were averaged for large numbers of animals. But on using experi- 
mental animals with a less favorable nutritional history, employing 
otherwise the same experimental procedure, we found that only for 
the first few weeks of the test period did practically all of the ani- 
mals respond in growth as did those of Bourquin, and only about 
one-third of more than 100 animals responded thus throughout an 
8-week period. Instead of continuous and uniform growth, a flat- 
tening of the growth curve or a decline in weight was frequently 
observed after the 4th or 6th week of the experimental period. This 
result may undoubtedly be attributed to a depletion of the bodily 
store of some factor or factors other than those generally recog- 
nized as necessary to mammalian nutrition. 

The main difference between the family diets on which the 2 
groups of rats were reared consisted of the proportion of milk 
included. This and the fact that supplementary effects on growth in 
the course of vitamin G experiments may be observed with certain 
fractions of milk powder, when rats from family dietaries containing 
the less milk are used as reagents, indicate that milk is a fair source 
of the “new” factor. From the limited amount of evidence afforded 
by these experiments, it would appear that the “‘new”’ factor is less 
readily extracted than vitamin G from milk powder by alcohols 
80% (by weight). 

In the course of these and other experiments some evidence was 
also obtained of the existence of 2 other “new” factors, but the 
work of the author in these directions was discontinued because of 
transfer to a position at a distance from the laboratory. Evidence 
on the existence of accessory factors other than those generally 
recognized as necessary to mammalian nutrition has also been ad- 
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duced by several other investigators. Palmer and Kennedy” * * °, 
Salmon, Guerrant and Hays” ‘, Hunt and his associates® °, Chick 
and coworkers’ 1+”, Coward and others, Reader’ 1% 18, 
Guha and Drummond” *, Williams and Lewis”, Halliday” 7%, and 
others have found evidence of “new’’ factors or of factors “‘inter- 
fering” with the assay of the well-recognized factors. Only further 
research can determine whether the factors encountered in the work 
noted here are new in the sense of being different from factors al- 
ready postulated by other investigators, or with which they are 
identical. 


2Palmer, L. S., and Kennedy, C. J. Biol. Chem., 1927, 74, 591. 

® Palmer, L. S., and Kennedy, C. J. Biol. Chem., 1927, 75, 619. 

4 Kennedy, C., and Palmer, L. 8. J. Biol. Chem., 1928, 76, 591. 

5 Kennedy, ©., and Palmer, L. S. J. Biol. Chem., 1928, 76, 607. 

6Salmon, W. D., Guerrant, N. B., and Hays, I. M., J. Biol. Chem., 1928, 
76, 487. 

7Salmon, W. D., Guerrant, N. B., and Hays, I. M. J. Biol. Chem., 1928, 
80, 91. 

8 Hunt, C. H. J. Biol. Chem., 1928, 79, 723. 

® Hunt, C. H., and Wilda, W. J. Biol. Chem., 1931, 90, 279. 

10 Chick, H., and Roscoe, H. M. Biochem. J., 1928, 22, 790. 

11 Aykroyd, W. H., and Chick, H., Biochem. J., 1929, 23, 483. 

12 Chick, H., and Roscoe, H. M. Biochem. -J., 1929, 23, 498. 

13 Chick, H., and Copping, A. M. Biochem. J., 1930, 24, 1764. 

14 Coward, K. H., Key, K. M., and Morgan, B. G. E. Biochem. J., 1929, 
23, 695. 

15 Coward, K. H., Key, K. M., Morgan, B. G. E., and Cambden, M., Biochem. 
J., 1929, 28, 913. 

16 Reader, V. Biochem. J., 1929, 23, 689. 

17 Reader, V. Biochem. J., 1930, 24, 77. 

18 Reader, V., Biochem. J., 1930, 24, 1827. 

19 Guha, B. C., and Drummond, J. C., Biochem. J., 1929, 28, 880. 

20 Guha, B. C. Biochem. J., 1931, 25, 960. 

21 Williams, G. Z., and Lewis, R. C., J. Biol. Chem., 1930, 89, 275. 

22 Halliday, N. J. Biol. Chem., 1932, 95, 371. 

23 Halliday, N. J. Biol. Chem., 1932, 96, 479. 
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Dissociation of V. Cholerae by Bacteriophage. 


W. K. OHEN. (Introduced by T. J. Kurotchkin.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College. 


Bacteriophage is known to exercise a strong influence in enforcing 
microbic dissociation of certain bacterial cultures. Bacteriophage 
on l’, cholerae produces phage resistant secondary cultures im vitro 
and certain coccoid mutants in convalescent cases (d’Herelle’). The 
variation of V’. cholerae has also been reported by Baerthlein’ Bal- 
teanu,® and others. The object of this study is to determine whether 
dissociation of ’. cholerae by bacteriophage follows the same cycle 
proved for other motile bacteria, such as B. paratyphosus A by 
Arkwright* and hog-cholera bacillus by Li.” Morison’s® combined 
phage of lV. cholerae and B. dysenteriae Shiga was used for induc- 
ing dissociation. Two strains of V. cholerae susceptible to the phage 
were selected for study. One ce. of an 18-hour peptone water 
(pH 8.0) culture of each was transferred to a fresh peptone water 
medium to which half cc. of Morison’s phage was introduced and 
incubated at. 37°C. for one week. The process was repeated at 
weekly intervals, the cultures diluted, plated on semi-solid medium 
for examination of motility, and streaked on agar plates for the 
character of the surface colonies. 

Variation in the appearance of the colonies appeared in the semi- 
solid plates after 2 to 3 transfers followed gradually with more 
advanced changes as the transferring process went on, while the 
control tubes invariably gave one type of MS (motile smooth) 
colonies which grew deep, homogenous, similar to the smooth sur- 
face colonies on the agar plate (Fig. 1). Three distinct main types 
of variants arose from the phage resistant secondary cultures. Af- 
ter 2 to 4 weeks the first variant appeared from the secondary cul- 
tures as an irregularly shaped colony with clusters of small daugh- 
ter colonies in the semi-solid medium (Fig. 2). The individual cells 

1d’Herelle, F., Malone, R. H., and Lahiri, M. N., Ind. J. Med. Res. Memoirs, 
1930, 14. 

2 Baerthlein, K., Cent. f. Bakteriol. I. O., 1918, 81, 369. 

3 Balteanu, J., J. Path. and Bact., 1926, 29, 251. 

4 Arkwright, J. A., J. Path. and Bact., 1927, 30, 345, 

5 Li, C. P., J. Exp. Med., 1929, 50, 245. 

6 Morison, J., and Vardon, A. C., Ind. J. Med. Res., 1929, 17, 48. 
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Fic. 1. Normal MS colony of V. cholerae 18 hours old,’ growing in semi-solid 
medium. 15. 

Fig. 2. MR colony 18 hours old in semi-solid medium, showing the cluster for- 
mation, 15. 

Fig. 3. NS colonies 48 hours old in semi-solid medium. NS and NR colonies 
appear alike under these conditions. 15. 

Fie. 4. NR colony 24 hours old on agar plate. MR and NR surface colonies 
appear alike under these conditions. 15. 


were motile but they formed typical rough, opaque surface colonies 
on agar plate and constituted the MR (motile rough) colonies. 
After 4 to 6 weeks the second variant appeared as very small com- 
pact colonies in the semi-solid medium, but formed typical surface 
smooth colonies on agar plate. They were non-motile and termed 
the NS (non-motile smooth) colonies (Fig. 3). After 6 to 10 
weeks the third variant appeared as deep colonies similar to the NS 
type in semi-solid medium, but gave rough surface colonies similar 
to the MR type on agar plate (Fig. 4). It was the most stable 
variant and named as NR (non-motile rough) colony. Both rough 
variants gave granular growth in broth and were spontaneously 
agglutinated in saline, while both smooth forms grew homogenously 
in broth and formed stable suspensions in saline. 

By daily transfers on agar slants the MR type showed a tendency 
to revert to MS type after 46 transfers; the other 2 types remained 
stable. But when the variants were repeatedly grown in peptone 
water and transfers were made twice a day for 30 days all the 
variants showed a tendency to reversion. Typical MS colonies 
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appeared in the MR culture after 34 transfers in peptone water 
(twice a day) and also a few motile ones from the non-motile types 
after 60 transfers (NS to MS and NR to MR). Reversion of the 
variants was more evident by animal passage than by laboratory 
media. The MR culture showed some reversion to smooth after 6 
animal passages, while after 10 passages some MS colonies ap- 
peared in the NS culture and both MR and NS forms from the NR 
culture. 

This study seems to suggest the NR type is the direction towards 
which dissociation of V’. cholerae leads and that the MR and NS 
forms are simply intermediate types. All the MS forms induced 
back from the variants by any process are as susceptible to the same 
phage action as the original culture. The dissociation induced by 
bacteriophage and the reversion of variant by animal passage as 
observed may be represented by the following diagram : 


MS (Motile smooth) 


(Non-motile smooth) NS <Y MR (Motile rough) 


NR (Non-motile rough) 


Organisms from all the 4 types were gram negative slender rods 
and culturally were typical. Virulence tests on hamsters (Chinese 
field mice) showed that, the variants were comparatively less viru- 
lent than the original MS culture, especially the NR type which was 
practically avirulent. Serologically there was very slight differ- 
ence among the 4 forms except that the NR type gave an agglutina- 
tion of a very low titer with the anti-sera of the 4 types. 
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Modification of Van Slyke’s Gas Apparatus for Determination of 
COz in Muscle and Other Tissues 


HSIEN WU anv EN-FU YANG. 
From the Department of Biochemistry, Peiping Union Medical College. 


For the determination of CO, in muscle and other tissues it is 
obviously necessary to modify the gas burette of Van Slyke and 
Neill’ so that relatively large pieces of material can be introduced 
into the burette. Ferguson and Irving* have proposed to divide the 
burette into 2 separate parts just below the 2 cc. mark, the 2 parts 
being connected by means of a ground joint and held together with 
a pair of springs. In our laboratory several modifications have also 
been used. The one that seems most satisfactory is shown in Fig. 1. 


Annular 
rubber cap 


Caz) 
NC 


Modified gas burette for determination of CO, in muscle. 


The new feature of the burette is the enlargement of the diameter 
of the lower stem of the burette and the introduction of a 15 cc. 
bulb between the burette and the flexible point. The short stem of 
the bulb is ground on the outside to fit the lower stem of the burette 
which is ground on the inside. The joint is surrounded by a cup 
for mercury seal and the cup is provided with an annular rubber 
cover to prevent the escape of mercury during shaking. 


1Van Slyke, D. D., and Neill, J. M. J. Biol. Chem., 1924, 61, 523. 
2 Ferguson, J. K. W., and Irving, L. J. Biol. Chem., 1929, 84, 148. 
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For the determination of CO, about 0.5 gm. of muscle is taken 
from the animal and immediately put into a weighed, stoppered 
test tube containing a solution which stops respiration, hinders lactic 
acid formation and prevents loss of CO,. The solution is made by 
mixing 1 cc. of 0.3 N CO.-free NaOH and 3 cc. of 0.8% saline con- 
taining 65 mg. KCN and 1 gm. NaF per liter, and 2 drops of 0.1% 
phenol red solution. The tube is weighed again to obtain the weight 
of the muscle. 

The material to be analyzed is introduced into the bulb, the burette 
is placed on it, stop-cock vaseline being used at the ground glass 
joint. The bulb and the burette are fastened by a pair of springs. 
With the cock of the burette open, mercury is admitted into the 
bulb pushing the material up into the burette and filling it com- 
pletely with mercury. The tube in which the muscle has been 
weighed is rinsed with 2-m cc. of H,O, m being the weight of 
muscle. The rinsing is introduced into the apparatus in the usual 
manner, followed by 2 drops of caprylic alcohol and 1 cc. of 1-N 
lactic acid. The total volume of solution plus that of, muscle is 
7 cc. The extraction is carried out in the usual manner. 

With a 0.5 gm. sample of muscle, we find it necessary to extract 
for 30 minutes in the vacuum. During the extraction the reacting 
mixture was drawn once into the lower chamber to rinse it. The 
burette was allowed to stand for 15 minutes without shaking and 
then shaken for 15 minutes. Testing with a known solution of 
NazCO; we found no difference in the result whether the solution 
was introduced into the bulb or in the usual way. CO, was absorbed 
with 1 cc. gas-free 1-N NaOH solution. The calculation was done 
according to the method of Van Slyke and Neill, 1 gm. muscle being 
regarded as equivalent to 1 cc. of solution. 

Our modification of the apparatus has 2 advantages over the form 
proposed by Ferguson and Irving. First, there is no danger of gas 
leaking into the chamber during extraction and second, the burette 
can be water-jacketed as in the usual form of the apparatus. 
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Effect of Acidosis and Alkalosis on the Total Base, Chloride and 
COz2 Contents of Muscle 


EN-FU YANG anp HSIEN WU 
From the Department of Biochemistry, Peiping Union Madical College. 


It was reported’ that the total base content of the abdominal 
muscle of rabbits receiving an injection of 25% NaCl in the pleural 
cavity was considerably higher than that of control animals receiv- 
ing the same quantity of normal saline. The permeability of the 
muscle to the sodium ion having been thus demonstrated, the total 
base content of muscle might be expected to increase with alkalosis 
and to decrease with acidosis. The experiments reported in this 
paper are designed to test this point. Some further experiments 
with NaCl injection are included. 

Rabbits were anesthetized with morphine hydrochloride (20 mg. 
per kg.). The abdominal wall was slit open, the ureters were tied, 
and the abdominal wall closed. Acidosis or alkalosis was produced 
by giving HCl, NaHCO, or Na.CO; solution. In some experiments 
the solution was introduced into the stomach by means of a tube, 
in others it was injected into the femoral vein at a rate of I cc. per 
minute. One-half to 2 hours after the introduction of the solution, 
blood was drawn from the heart and mixed with ammonium oxalate 
under oil. Pieces of muscle were taken from the abdominal wall. 
A small portion of the blood which was collected separately under 
oil with potassium oxalate was used for the determination of pH 
by the method of Shock and Hastings’. The remainder of the blood 
was centrifuged under oil. Determinations of water, total base, Cl 
and CO, were made on the muscle and blood plasma. Water was 
determined by drying at 110° C. for 12 hours. Chloride was deter- 
mined by the method of Wilson and Ball*, total base by the method 
of Stadie and Ross*. CO, was determined by the manometric 
method of Van Slyke and Neill’. The special burette described in 
the preceding paper was used for the muscle. The results are sum- 
marized in Table 1 which includes some experiments with intra- 


1 Wu, H., and Yang, E. F., Proc. Soc. Exp. Bion. anD MeEp., 1931, 29, 248. 

2Shock, N. W., and Hastings, A. B., Proc. Soc. Exp. Bion. AND Mep., 1929, 
26, 780. 

3 Wilson, D. W., and Ball, E. G. J. Biol. Chem., 1928, 79, 221. 

4 Stadie, W. C., and Ross, E. C. J. Biol. Chem., 1925, 65, 735. 

5 Van Slyke, D. D., and Neill, J. M. J. Biol. Chem., 1924, 61, 523. 
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venous injection of NaCl. These experiments confirm our previous 
findings. 

It will be noted that in alkalosis there is an increase in the total 
base content of the muscle. The increase of base in muscle as well 
as in plasma is more marked when the base was introduced orally 
than intravenously. This might be due to the fact that larger doses 
were used for oral administration. There is also a decrease of Cl 
content in the muscle in alkalosis produced by oral administration 
of alkali, but intravenous injection of alkali has no significant 
effect on muscle Cl. No significant change in muscle base and Cl 
was observed in acidosis. The changes in CO, content of the muscle 
are just what we might expect. The water content of the muscle is 
not significantly changed by our experimental procedure. 

The alkalosis produced in our animals was accompanied by an 
increase of base and decrease of chloride in the plasma, but the 
acidosis was not accompanied by the reverse effect. It appears 
therefore that the base and chloride contents of muscle vary with 
the base and chloride concentrations of the plasma, but they are 
not significantly influenced by pH changes as such. 
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Isolation of Treponema pallidum from Juxta-articular Nodules 


CH’UAN-K’UEI HU ann CHESTER N. FRAZIER. 
From the Peiping Union Medical College. 


The syphilitic nature of the juxta-articular nodules occasionally 
seen in syphilitic patients is generally accepted principally because of 
the prompt response of the lesions to arsphenamine therapy. Since 
the nodules are usually encountered in patients in the later stages 
of the infection, the failure to demonstrate organisms by the dark- 
field or in stained tissue sections is presumably due to their scarcity. 
Animal inoculation offers a more hopeful means of success and 
although the method has apparently not been widely used, one suc- 
cessful result has been reported’. This method was employed in 2 
of the 5 cases of juxta-articular nodes in syphilitic patients seen in 
the Peiping Union Medical College’. One attempt was successful ; 


1 Jessner, M., and Rossiansky, N., Arch. f. Derm. u. Syph., 1930, 160, 224. 
2 Hu, C. K., and Frazier, C. N. Chinese Med. J., in press. 
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the failure in the second case may have been due to the fact that 
arsphenamine had been administered 3 days before admission. 

The patient gave a history of venereal exposure and a genital 
chancre 12 years before admission; the blood Wassermann and 
Kahn reactions were positive. There were several small firm, non- 
tender nodules in the subcutaneous tissue below both elbows and 
over the great trochanters. One nodule (1.0 x 1.0 cm.), removed 
under local anesthesia, was finely emulsified with sterile normal 
saline. All the suspension was used for inoculation, 1.0 cc. being 
injected into the right testicle of 2 normal rabbits. In both animals, 
an orchitis developed 10 weeks after inoculation and the blood 
Wassermann reaction became positive. In one rabbit, Treponema 
pallidum were demonstrated in the material aspirated from the 
testicular lesion; a metastalic lesion of the uninoculated testicle 
developed 3 weeks after the primary orchitis was detected. Spiro- 
chetes were not seen in the material aspirated from the second 
rabbit which died from an intercurrent infection. 

The result of this work supports the opinion that juxta-articular 
nodules in syphilitic patients are syphilitic lesions. Although a 
blood stream infection was not excluded in the present instance, its 
possibility in a disease of 12 years’ standing is unlikely. 


New York Meeting. 
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Simplified Colorimetric Determination of Blood Urea Clearance. 


DONALD D. VAN SLYKE anp C. L. COPE. 
From the Hospital of the Rockefeller Institute for Medical Research, New York. 


The urea contents of urine and blood are compared in a color- 
imeter in such a manner that a single reading gives directly the 
percentage of average normal renal function in terms of the blood 
urea clearance.*. The urine is first diluted to such an extent that if 
the clearance, either standard or maximum, is the average for a 
normal subject, the urea concentrations in blood and diluted urine 
will be equal. The urea in both blood and urine is converted into 
ammonia with urease; proteins and other interfering substances are 
removed, and the ammonia contents of the 2 filtrates are compared 
colorimetrically. 

No standard solutions are required, because the blood is com- 
pared directly with the urine. 

The number of times the urine must be diluted for comparison 
with the blood is found by reference to the curve of Fig. 1, computed 
as follows: The average maximum clearance (for urine volumes 
over 2 cc. per minute) is 75. The maximum clearance is calculated 
aS Gwe ae where lV’ is reckoned in cc. of urine per minute, B is 


blood urea concentration, and U is urine urea concentration. When 
Cm has the average normal value of 75, the ratio U/B is calculated 
therefore as U/B =75/V. When V is expressed in cc. of urine per 
hour, the calculation changes to U/B=4500/V. The ratio 
U/B is the number of times a portion of the urine must be diluted 
to bring its urea concentration down to that of the blood, when the 
clearance is average normal. The U/B values thus calculated are 
expressed by the higher part of the curve of Fig. 1. 

1 For a discussion of the significance of the blood urea clearance, see Mller, 
McIntosh and Van Slyke, J. Clin. Inv., 1928, 6, 427; or Peters and Van Slyke, 
Quant. Clin. Chem., 1931, 1, 345. 
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If the urine volume is below 2 cc. per minute, the formula which 


holds is that of the standard clearance, Cs = el and the average 


normal value of Cs is 54. The number of times dilution required 
for urines excreted at rates less than 2 cc. per minute is therefore 
calculated as U/B = 54/\/V when V is expressed in cc. of urine 
per minute, or as U/B = 54 X \/60/\/V = 418,\/V, when V is ex- 
pressed in cc. of urine per hour The dilution ratios thus calculated 
are indicated by the lower part of the curve of Fig. 1. Plotting the 
curve logarithmically gives it a rectilinear form, with a break at 
the augmentation limit where the Cs formula is replaced by the 
Cm formula. 


Urine volume per hour in cc. 


20 Ty Perr 
10090 80 70 60 5045 40 35 30 25 “20 15 10 
Number of times to dilute the urine 
Fig. 1. 
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Reagents. 


Permutit;? Urease. 10% solution of Squibb’s urease;* phos- 

phate buffer, 5 gm. of KH,PO,, and either 5 gm. of Na,HPQ,.12 
H.O or 2 gm. of anhydrous NasHPO,, per 100 cc. Somogyi’s acid 
zinc sulfate solution for precipitating proteins.* 12.5 gm. of 
ZnSO,.7H.O and 125 cc. of 0.25 N sulfuric acid diluted to 1 liter. 
0.75 N sodium hydroxide. Nessler’s solution.’ Sodium citrate, pul- 
verized. 
' Conditions for collecting blood and urine. Urine is- collected 
during 2 successive periods of one hour each, and the volume in 
each hour is accurately measured. Blood is drawn at about the 
middle of the 2-hour period. The blood is collected with citrate, 
if possible, rather than oxalate as anticoagulant, because oxalate 
tends to produce turbidity in the blood filtrate when the latter is 
nesslerized. 


Treatment of Urine. 


Removal of preformed ammoma. Of the urine collected during 
each hour, place 10 cc. in a small Erlenmeyer flask with 2 gm. of 
permutit and rotate for 5 minutes to absorb ammonia. Filter 
through a dry filter paper. 

Treatment with urease. Place in a 100 cc. cylinder a volume of 
permutit-treated urine, 1, 2, or more cc., such that when later diluted 
according to Fig. 1, the resultant volume will be between 50 and 
100 cc. To the undiluted urine in the cylinder add 5 cc. of the 
phosphate buffer solution and 1 cc. of the 10% urease. Let stand 
10 minutes, preferably not much longer, in order not to give am- 
monia opportunity to volatize. 

Dilution and removal of protein and other interfering substances. 
After the urease has acted 10 minutes 3 cc. of the zinc sulfate solu- 
tion are added. It reacts with the phosphate buffer to produce a 
precipitate which clears the urine. The mixture is then diluted up 
to the volume calculated from Fig. 1. After standing a few min- 
utes, the solution is passed through a dry filter. A slight cloudiness . 
may be present in the filtrate, but the turbidity disappears when the 
filtrate is nesslerized. A portion of the filtrate, 2 or 5 cc., is pipetted 
into a volumetric flask and diluted 10 times, in order to parallel the 
10-fold dilution which the blood undergoes. 

2 Folin, O., and Bell, R. D., J. Biol. Chem., 1917, 29, 329. 

3 Prepared from jack beans by the method of Van Slyke and Cullen, J. Biol. 
Chem., 1914, 19, 211. 


4 Somogyi, M., J. Biol. Chem., 1930, 86, 655. 
5 Koch, F. C., and MeMeekin, T. L., J. Am. Chem. Soc., 1924, 46, 2066. 
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If the subject is a child, or deviates greatly from usual adult size, 
a correction for body size is introduced by multiplying the observed 
volume of the hour’s urine by the proper factor from Fig. 1 of 
McIntosh, M¢ller, and Van Slyke,° and using the urine volume thus 
multiplied as the ordinate for Fig. 1 of this paper. For example, 
if the urine volume per hour is 80 cc., Fig. 1 indicates that the 
urine should be diluted 47 times. This holds for any adult within 
usual size limits. If, however, the subject is a child of 1.40 meters 
height, the 80 cc. observed hour’s volume is multiplied by the factor 
1.49 from McIntosh, M@gller, and Van Slyke.* The corrected vol- 
ume, 119 cc., is then interpolated on the curve of Fig. 1, and indi- 
cates that the urine should be diluted only 37.5 times. 


Treatment of Blood. 


Digestion with urease. The volume of blood sample required 
depends upon the volume of solution necessary for a reading in 
the colorimeter used. If 5 cc. of solution suffice for the colorimeter, 
one cc. of blood will do, unless an unexpectedly low clearance value 
necessitates the use of a fresh portion of filtrate for supplementary 
dilution. In general, a 2 cc. sample is adequate. The sample is 
mixed with 0.1 its volume of the 10% solution of urease, and let 
stand 10 or 15 minutes. 4 

Removal of blood proteins. For each cc. of blood sample, 7.9 cc. 
of Somogyi’s acid zine sulfate solution are added, then 1 cc. of 
0.75 N sodium hydroxide. After standing for some minutes the 
fluid is passed through a dry filter. 


Nesslerization and Comparison of Blood and Urine Filtrates. 


Equal volumes of the blood filtrate, 5, 10, or 20 cc., as required by 
the colorimeter, and of the 10-fold diluted urine filtrate are pipetted 
into dry vessels, and a trace of sodium citrate powder is added from 
the point of a knife to each and allowed to dissolve. The citrate 
retards development of turbidity after nesslerization To each 
_ measured portion of filtrate one-tenth its volume of Nessler’s solu- 
tion is added, and the solutions are at once compared in a colori- 
meter. The nesslerization may be done in the colorimeter cups if 
they are dried before the filtrates are measured in. The reading 
must be taken quickly after nesslerization, or turbidity may develop 
in the blood filtrate, making the blood urea content appear too high, 
and the clearance too low. 


6 McIntosh, J. F., M@ller, E., and Van Slyke, D. D., J. Clin. Invest., 1928, 
6, 467. 
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The use of the urease method for comparing contents of urea in 
the blood filtrate and diluted urine is not obligatory. Any other 
procedure which will give direct comparison with sufficient accuracy 
may be substituted. 

Calculation. If the colors of the 2 filtrates are such that the 
higher scale reading does not exceed twice the lower, the clearance 
is calculated directly from the colorimeter scale readings. % of 
average normal clearance = Oy (B) represents the reading of 


the blood filtrate, and (U) the reading of the urine filtrate. (The - 
readings are inversely proportional to the concentrations, hence the 
inversion of the usual concentration formula. ) 

If the clearance is less than half average normal, the blood filtrate 
when nesslerized will be more than twice as deep in color as the 
urine filtrate. In such a case the preliminary (B)/(U) reading is 
made in the above manner. Then a fresh portion of the blood filtrate 
is diluted 2, 3, 5, or 10 times, as indicated by the preliminary reading 
in order to bring the (B)/(U) ratio into the neighborhood of unity. 
A portion of the diluted blood filtrate is then nesslerized and com- 
pared with a fresh portion of the urine filtrate simultaneously nessler- 
ized. The calculation then becomes: % of average normal clear- 
100 (B) PD represents the number of times the blood filtrate 


ance == 

has been diluted before the final nesslerization, in cases where a low 
clearance necessitates such dilution. If the subject is known to have 
a low clearance, the time required for the preliminary reading may 
be saved by diluting the blood filtrate to the extent probably neces- 
sary before the first reading is made. 


TABLE I. 
% of Average Normal Clearance Deviation of Colorimetric 
Subject from Gasometric in Per- 
No. centage of Gasometric 
Colorimetric Gasometric Clearance 
1 153.9 145.7 +5 
2 141.0 131.8 +7 
3 84.2 80.0 +5 
4 56.9 59.3 st 
5 49.6 48.0 +3 
6 46.2 49.2 —T 
7 40.2 37.6 +6.5 
8 40.1 44.7 —l11 
9 38.4 39.9 —4 
10 38.1 35.8 +7 
11 37.3 38.7 —4 
12 36.5 33.7 +8 
13 34.8 32.1 +8 
14 32.1 35.1 —6 


15 28.0 28.6 —2 
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Results. Urea clearances in normal»subjects and nephritic pa- 
tients have been determined by the above method, and compared 
with clearances calculated from urea determinations made on the 
same blood and urine by the exact gasometric urease method.’ 
Table I gives a representative series of results. The first 3 deter- 
minations were on a hypertension patient with normal renal func- 
tion; the other determinations were on nephritics with diminished 
renal function. \ 
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Is Erythropoietic Action of Copper Dependent upon Presence of 
Adequate Supply of Iron in Diet>* 


HERMANN B. STEIN anp ROBERT C. LEWIS. 


From the Department of Biochemistry, University of Colorado School of Medicine, 
Denver. 


In studying the effect of evaporated milk upon the development of 
nutritional anemia in the albino rat, it was observed that the 
erythrocytes were maintained at a normal level over a period of 8 
weeks in spite of the fact that the hemoglobin fell slowly. This 
was in sharp contrast to the findings on rats which were fed raw 
milk, where both the erythrocyte count and the hemoglobin showed 
a marked decrease in 714 weeks. 

In the majority of evaporated milk plants the milk comes in close 
contact with copper during the manufacturing process. Since ac- 
cording to Rice and Miscall’ copper is dissolved by milk under 
such conditions, an investigation has been undertaken to determine 
if this metal is the causative factor in the maintenance of the red 
cell count when evaporated milk is fed. 

Albino rats, 21 days of age, were fed raw milk supplemented by 
Q.025 mg. of copper (as CuSO,) daily over a period of 8 weeks. 
Erythrocyte counts and hemoglobin determinations were made at 
the beginning of the experiment and at intervals of 2 weeks there- 
after. The experimental data obtained, with those from rats on raw 
milk alone and on evaporated milk without supplement, are given 
in Table I. 


7 Van Slyke, D. D., J. Biol. Chem., 1927, 73, 695. 
* This work was aided by a grant from the Evaporated Milk Association. 
1 Rice, F. E., and Miscall, J., J. Dairy Sci., 1923, 4, 261. 
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TABLE I. 
No. Ay. Weight Av. Hemoglobin Ay. Erythrocytes 
Diet of (gm. ) (gm. per 100 ec.) (per cu. mm.) 
Rats Init. Finalt Init. Finalt Init. Finalt 
Raw Milk 5 33.0 59.0 14.01 2.18 6,770,000 2,750,000 


Evaporated Milk 5 35.3 87.9 12.07 5.81 6,560,000 7,220,000 
Raw Milk + Cu 6 35.8 66.6 10.39 4.13 5,591,000 4,786,000 


+ At end of 8 weeks except for animals on raw milk alone (7 weeks, 3 days). 


One may conclude that the maintenance of a normal erythro- 
cyte count for 8 weeks when evaporated milk is fed as the sole 
article of diet is due in part at least to the copper content of the 
evaporated milk, as a similar though less marked effect is obtained 
when raw milk is supplemented with copper. 

The recent report of Schultze’ that, even when the diet is poor 
in iron, copper fed to young anemic rats has an erythropoietic action 
without stimulating hemoglobin regeneration is supported by our 
experimental findings. 
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Determination of Colloid Osmotic Pressure of Blood Serum. 


MARVEL-DARE FELLOWS.* (Introduced by Wm. 8S. McCann.) 


From the Department of Medicine, University of Rochester School of Medicine and 
Dentistry, and the Medical Clinic of the Strong Memorial Hospital, Rochester, N.Y. 


Results of previous workers from Starling’ to Krogh and Naka- 
zawa’ have shown the colloid osmotic pressure of the blood serum 
to vary between 265-420 mm. of water pressure, with average 
values of approximately 310-360 mm. 

Osmotic pressures reported here have been obtained with a 
greatly modified apparatus using aseptic technique, an accurately 
controlled constant temperature water bath at 30°C., and modified 
Ringers as a dialyzing agent. The figure shows osmometer tube 
(C) with (Dupont No. 300 plain transparent cellophane) mem- 
brane attached, which is filled with blood serum; (D) is capillary 
tube attachment for noting blood serum meniscus; (E) is stopcock 

2 Schultze, K. W., Klin. Wehnschr., 1932, 11, 497. 

* Aided by a grant from the Fluid Research Fund of the Rockefeller Foun- 
dation. 


1 Starling, H. H., J. Physiol., 1896, 19, 312; 1899, 24, 317. 
2 Krogh, A., and Nakazawa, F., Biochem. Z., 1927, 188, 241. 
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to prevent rise of serum in capillary during development of pressure. 
(A) is fitted into (B) which shows saline tube (F) with side arm 
(G) for filling or for removing bubbles from serum tube through 
orifice (H) or side arm can be turned to groove (1) allowing air 
to enter outer system, thus preventing the production of a vacuum. 
The 3 parts are fastened together by means of springs over small 
glass hooks. The osmometer is immersed in a constant temperature 
bath up to the stopcock and attached to a manometer. 

It has been inferred that a low serum protein value means a 
lowered serum osmotic pressure. Accordingly, a short series of 
readings was done on dog serum obtained from dogs which were 
undergoing plasma-pheresis*® and whose serum protein values were 
consequently much lower than those of normal dogs, being from 
3.65 to 5.27 gm. per 100 cc. of serum as compared with 6.35 to 6.60 
gm. per 100 cc. of serum for the normal animals. The serum os- 
motic pressures (measured by Krogh’s method*), when compared 
with similar determinations on normal dogs, were also found to be 
definitely lower, 93 to 225 mm. of water pressure with normal values 
showing 292 to 334 mm. of water pressure; however, it is now felt 
that the determinations may have been somewhat inaccurate because 
of the method used. At the time the above observations were made 
there had been no attempt either to observe sterile precautions in 
handling serum or to maintain a uniform temperature throughout 


3 Lepore, M. J., Proc. Soc, Exp. Bion, AnD Mep., 1931, 29, 318. 
4 Krogh, A., The Anatomy and Physiology of Capillaries, Yale U. Press, 1922. 


Fatat Dose or NIcoTIN LA7 


the experiment. Elimination of these variables seems highly de- 
sirable. 

Determinations of osmotic pressures of 11 apparently normal 
medical students give values ranging from 321 to 380 mm. of water. 
The serum albumin and serum globulin were determined by analysis 
using the method of Wu and Ling’ and give values of 6.32 to 6.81 
gm. of protein per 100 cc. of serum. In calculating osmotic pres- 
sures from these protein values the data of Govaerts were used 
(75.4 mm. of water pressure per gm. of albumin and 19.5 mm. of 
water pressure per gm. of globulin) and the osmotic pressures were 
found to be 361 to 394 mm. of water, values which are consistently 
higher than those obtained by direct measurement. 

Our results indicate a fair degree of accuracy and it is hoped 
that with the accumulation of more extensive data a better correlation 
between observed and calculated osmotic pressures may be obtained. 


Thanks are due to Prof. W. R. Bloor of the Department of Biochemistry 
and to Dr. Samuel H. Bassett of the Department of Medicine for much 
helpful advice, and to Miss Clara M. Husted for technical assistance. 
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A Note on the Minimal Fatal Dose of Nicotin for Unanesthetized 
Dogs. 


F, E. FRANKE anp J. EARL THOMAS. 


From the Department of Physiology, St. Louis Unwersity School of Medicine, and 
Jefferson Medical College. 


The following observations were made as part of a study of the 
cause of death in nicotin poisoning in dogs. Sollmann* mentions 
that 2 drops of nicotin placed on the gums of a dog may rapidly 
cause death. Blake* injected 2 drops of nicotin into the jugular 
vein of a dog, death occurring about one minute and a half after 
the administration of the poison. 

At the time we carried out our experiments we were not aware 
of any reports in the literature dealing with the minimal fatal dose 
of nicotin for dogs. von Anrep® reports that 1.5 drops of nicotin 

5 Wu and Ling, Chinese J. Phystol., 1927, 1, 161. 

1 Sollmann, Manual of Pharmacology, 1922, Saunders, Philadelphia. 


2 Blake, Edinb. Med. and Surg. J., 1840, 53, 35. 
3von Anrep, Arch. f. Physiol., Leipz, 1879, Suppl. Bd., 167-191. 
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is a dangerous dose and 3.5 drops is fatal in a few minutes, for 
dogs weighing from 10 to 17 kg. Expressed in mg. of nicotin 
per kg. of dog’s weight, the dangerous dose would be approximately 
5.7 to 9.75 mg. per kg. and a dose of 13.4 to 22.75 mg. per kg. 
would be fatal in a few minutes. Kobert* places the minimal fatal 
dose at 0.5 to 2 drops of nicotin. 

Nicotin was administered to 48 dogs. In a majority of the ex- 
periments no drug other than nicotin was given. In a few cases a 
small amount of novocain was used to produce local anesthesia for 
the exposure of a vein or artery. In some the blood pressure was 
recorded, but without the use of any anticoagulant. Neither the 
minor operative procedures nor the local anesthetic had any observ- 
able influence on the results. 

’ Three methods of administering the drug were used: 

1. By mouth. Nicotin was dropped on the tongue or between 
the lips and gums in the form of the undiluted alkaloid. 

2. By injection into the circulating blood. The alkaloid in 10% 
solution in Locke’s fluid was injected into a vein (with or without 
surgical exposure) or directly into the cavity of the left ventricle. 

3. Subcutaneously or intramuscularly, in 10% solution of the 
hydrochloride. 

The results are summarized in Table I. The smallest dose of 
nicotin which proved fatal in a high percentage of dogs was, when 
given by mouth, 10 mg. per kg., and when injected into the circula- 
tion, 3 mg. per kg. Doses larger than 12 mg. per kg. by mouth and 
5 mg. per kg. injected into the circulating blood were uniformly 
fatal. The fatal dose when given subcutaneously was not ascer- 
tained but 23 mg. per kg. failed to cause death. In one dog, 7.7 mg. 
per kg. intramuscularly proved fatal. The nicotin for intramus- 
cular and subcutaneous administration was measured as the alka- 
loid but administered as the hydrochloride. 

There was considerable individual variation in susceptibility. 
Two dogs recovered after receiving 5 mg. per kg. into the circula- 
tion, and one animal died after receiving only 2 mg. per kg. It 
happened also that all of the animals in this group that received 3 
or 4 mg. per kg. died. 

The last column of the table gives the time elapsing after giving the 
nicotin until the palpable pulse and respiration ceased. Most of the 
animals died in 4 minutes or less. Those given the drug intravenously 
died in about 2 minutes. It is remarkable that in these animals there 
is no appreciable difference in the time till death corresponding to the 


4 Kobert, R., Lehrbuch der Intoxikationem, 1906, Bd. 2. 
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TABLE I. 
No.of No. No 8 8% Average time 
Administration Dose experiments fatal non-fatal fatal till death 
(mg. per kilo) , minutes 
By mouth 20 2 2 0 100 2.5 (lexp.) 
Wiha a 12 Ai iL 0 100 3.5 
Zoe 9.2t010.3 14 8 6 57.1 3.77 
pale ie 46to 5.0 2 0 2 0 
Intracardiae 5.7to 6.0 3 3 0 100 2.5 
re 5 1 0 i 0 
Intravenous 10 5 5 0 100 1.93 (4 exps.) 
” 5 1 6 1 85 1.96 (5 exps.) 
a 4 1 1 0 100 2.00 
ey 3 3 3 0 100 1.88 
4s 2 4 1 3 25 2.3 
Subeutaneous 23 1 0 1 0 
di 15 hake Gorn 1 0 
a 9 1 0 1 0 
1 8.8 1 0 1 0 
Intramuscular Tat 1 1 0 100 4.0 


difference in dosage. Ten, 5, and 3 mg. per kg. caused death in an 
average time of 1.93, 1.96, and 1.88 minutes, respectively. 

A study of the minimal fatal dose of nicotin when given intra- 
venously to etherized dogs was previously reported.” Comparison 
of those results with experiments reported here indicates that small 
doses of nicotin (2 to 4 mg. per kg.) are more likely to prove fatal 
in normal than in anesthetized animals. For example, 4 animals 
out of 5 in the etherized series recovered following administration of 
3 mg. per kg., whereas that dose was uniformly fatal (3 animals) in 
this series, and one animal out of 4 that received but 2 mg. per kg. 
died. Furthermore, the unetherized animals died much more quick- 
ly than the etherized animals. The average time till death after giv- 
ing the drug in 12 etherized animals was 7.8 minutes. In the 24 ani- 
mals of the present (unetherized) series that received the drug in 
the same way (into the circulating blood), the average time until 
death was 2 minutes. 


5 Thomas, J. Earl, and Franke, F. E., J. Pharmacol. and Exp. Therap., 1928, 
$4, 111. 
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Synergism of Morphine and the Mydriatic Alkaloids in the 
Albino Rat. 


THEODORE KOPPANYI. 


From the Department of Pharmacology and Materia Medica, Georgetown 
University School of Medicine, Washington, D. C. 


The subcutaneous or intraperitoneal injection of 10 to 15 mg. of 
morphine sulphate per 100 gm. of body weight, causes under normal 
circumstances, no perceptible change in the size of the pupil of the 
albino rat. Such doses of morphine produce a state of catalepsy and 
stiffness of the tail in the experimental animal and abolish the 
corneal reflex. 

To such morphinized animals several mydriatics were adminis- 
tered by different routes. At first, only sympathetic stimulants were 
used. Normal-control and morphinized rats were each given inter- 
muscular injections of cocaine hydrochloride 10 mg. per 100 gm. 
of body weight. Solutions of cocaine (1:50), of adrenalin hydro- 
chloride (1:1000), and of ephedrine sulphate (1:100) were in- 
stilled in the conjunctival sac. (In every series of experiments 12 
rats were used.) These installations, or injections, produce no, or 
only slight, dilatation of the pupil in the normal untreated rats, but 
increase the size of the pupil from 14 to 4 mm. or more in the mor- 
phinized animals. 

In another series of experiments, one drop of a 0.002% solution 
of atropine sulphate was instilled into the conjunctival sac. This 
installation produced no appreciable change in the normal pupil, 
but a 60% dilatation in the morphine-treated rats. 

Since it is known that morphine causes a secretion of adrenalin 
from the adrenal gland, it was supposed that this exaggeration of 
the action of mydriatics by morphine is due to the adrenalin lib- 
erated into the blood stream and thus represents a case of additive 
effects. However, complete adrenalectomies carried out in 25 rats 
do not support this contention. Adrenalectomized rats under the 
influence of morphine are just about as sensitive to mydriatics as 
unoperated controls. 

The depression of rats by chloral hydrate or paraldehyde does 
not enhance the mydriatic effects of adrenalin, cocaine, ephedrine 
or atropine. 

We are forced to conclude that morphine potentiates mydriatic 
actions especially of sympathetic nature in the albino rat. The po- 
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tentiation of other sympathomimetic drug effects by morphine is 
being investigated. 
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Studies on the Emetic and Anti-Emetic Actions of Ergotamine. 


THEODORE KOPPANYI anp EVERETTE I. EVANS. 


From the Department of Pharmacology and Materia Medica, Georgetown 
University School of Medicine, Washington, D. C. 


Eggleston and Hatcher’ showed that intravenous doses of 60.0 
mg. of fluid extract of ergot (in terms of the dry drug) produced 
prompt emesis in the dog, whereas oral administration of even mas- 
sive doses failed. Eviscerated dogs also showed emesis following’ 
intravenous doses. The authors concluded that ergot has a central 
emetic action. Hatcher and Weiss’ apparently rejected this suppo- 
sition, stating “that ergotoxin has no perceptible effect directly on 
the vomiting center, and that any inhibition by it of the emetic action 
of substances used in these experiments, must be due to its causing 
depression of some peripheral structure.” 

These authors found that massive doses of ergotoxine prevented 
the emetic action of apomorphine, aconitin, digitalis, and pilocarpine 
by systemic administration, hut not of large oral doses of mercuric 
chloride and tartar emetic. They concluded that the anti-emetic ac- 
tivity of ergotoxine is due to its depression of afferent sympathetic 
nerve ends. 

Koppanyi® found a close parallelism to Hatcher and Weiss’ re- 
sults. His dogs, whose medullary vomiting centre was removed by 
ablation or depressed by local application of morphine, also failed to 
vomit following systemic administration of apomorphine, pilocar- 
pine, digitalis, but vomited upon oral administration of tartar emetic, 
copper and zinc sulphate, and mercuric chloride. 

The following experiments were performed to correlate the above’ 
findings. Doses are given in mg. X kilogram body weight. In 
dogs the intravenous administration of small doses (0.02-0.2 mg.) 
of ergotamine tartrate elicit repeated retching and vomiting, but 
large doses (0.5 mg. or higher) fail to produce retching or vomit- 

1 Eggleston, C., and Hatcher, R. A., J. Pharm. and Exp. Therap., 1915, 7, 225, 


2 Hatcher, R. A., and Weiss, S., J. Pharm. and Exp. Therap., 1923, 22, 139 
3 Koppanyi, T., J. Lab. and Clin. Med., 1930, 16, 225. 
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ing. In cats the minimum emetic doses are somewhat lower than in 
dogs (0.01-0.02 mg.) and doses of 0.3 mg. or higher fail to produce 
emesis. Dr. F. F. Yonkman of Boston University also has noted 
the emetic response to small intravenous doses in dogs. (Oral 
communication. ) 

In 2 dogs we failed to produce vomiting by application of ergota- 
mine tartrate (0.03 mg.) on the Thumas centre. In 2 experiments 
we found that the minimum emetic dose is lower when injected into 
the externalized common carotid artery than when it is given intra- 
venously. Application of larger doses (0.2 mg.) on the centre sup- 
pressed the usual-vomiting responses following optimum intravenous 
doses of ergotamine tartrate and also of apomorphine. However, 
these dogs vomited following oral administration of copper sulphate. 

Similarly, the subcutaneous injection of 20 mg. morphine sulphate 
inhibited ergotamine and apomorphine vomiting, but did not sup- 
press copper sulphate emesis. 

In each of 3 dogs we performed a bilateral vago-sympathectomy 
and transection of the spinal cord at the level of the second thoracic 
vertebra. Allowing sufficient time for recovery, each of them 
received an intravenous dose of 0.05 mg. ergotamine tartrate. In 
every instance the dogs vomited in 344, 6, and 7 minutes after ad- 
ministration and several times after. Intravenous doses of 0.5 mg. 
pilocarpine hydrochloride also produced repeated retchings and 
vomitings. 

These results require little interpretation. We are convinced 
that ergotamine and other systemically administered emetics act 
directly on the vomiting centre and that the lowering of the threshold 
of the vomiting centre to normal emetic impulses has little, if any, 
role in the production of ‘‘central emesis”. Moreover, we feel the 
inhibition of vomiting by ergotoxine or ergotamine is due to depres- 
sion of Thumas’ centre, but not to paralysis of peripheral afferent 
structures. 

The possible therapeutic applications of these data and a stand- 
ardization of Fluidextractum Ergotae by the minimum effective 
emetic doses are being investigated. 
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Studies on the Evacuant Action of Ergotamine. 


EVERETTE I. EVANS ano THEODORE KOPPANYI. 


From the Department of Pharmacology and Materia Medica, Georgetown 
University School of Medicine, Washington, D. C. 


The studies of Hatcher and Weiss* and of Koppanyi® suggested 
the presence of a medullary defecation center, or at any rate, the ex- 
istence of a non-peripheral control of defecation. 

Investigating the gastro-intestinal actions of graded doses of er- 
gotamine tartrate in intact, unanesthetized dogs and cats, we ob- 
served certain facts which further support the assumption of a cen- 
tral control of defecation. 

Dogs and cats strain and defecate rather promptly following 
small or moderate intravenous doses of ergotamine tartrate. 
Doses are given in mgm. X kilogram body weight. In the dog 
doses of 0.02-0.2 mg. produced prompt and repeated straining 
and defecation, whereas doses of 0.5 mg. or above were effective 
only after a considerable delay. (10 min.) In cats, doses of 0.01 
and 0.015 mg. also produced straining and defecation whereas doses 
of 0.1 mg. or higher either produced no defecation or a very de- 
layed response (9-68 min.). Thus in cats the optimum effective 
doses are somewhat smaller than in dogs. It is also to be noted that 
there is a close correlation between the evacuation and emetic re- 
sponse produced by ergotamine tartrate. In practically every case 
where vomiting was produced, defecation also took place and when 
vomiting did not take place the animals either failed to defecate or 
evacuation ensued after considerable delay (peripheral effects ?). 

In 2 dogs we failed to produce defecation by application of er- 
gotamine tartrate (0.03 mg.) on the floor of the fourth ventricle; 
but the application of larger doses (0.2 mg.) upon the floor in- 
hibited the usual evacuation following optimum intravenous doses, 
Similarly, the subcutaneous injection of 20 mg. of morphine sul- 
phate eliciting the usual immediate evacuant response, inhibited the 
evacuant effects of subsequent intravenous doses of 0.1 mg. of er- 
gotamine tartrate. 

In each of 3 dogs we performed a bilateral vago-sympathectomy 
and a high thoracic transection of the spinal cord at the level of the 
second thoracic vertebra. Allowing ample time for the animals to 


1 Hatcher, R. A:, and Weiss, S., J. Pharmacol. and Exp. Therap., 1923, 22, 139. 
2 Koppanyi, T., J. Lab. and Clin. Med., 1930, 16, 225. 
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recover from the effects of anesthesia, each of them received an in- 
travenous injection of 0.05 mg. of ergotamine tartrate. In every 
instance these injections failed to elicit defecation. However, upon 
intravenous injection of 0.5 mg. of pilocarpine hydrochloride defe- 
cation followed 3, 5, and 9 minutes after administration. 

Not wishing to deny the probability of peripheral purging effects 
of ergotamine and other ergot principles on the intestine, we are 
even ready to attribute all our delayed or late defecation responses 
to such an action. We must insist, however, that the extraordinary 
prompt response to small optimum doses is due to central action, as 
such responses are inhibited by application of ergotamine tartrate to 
the medulla, by administration of large doses of morphine, and by 
simultaneous vagotomy and high transection of the cord. 
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Relative Susceptibility of Adult and Young Mice to 
Asphyxiation. 


R. C. AVERY anp J. M. JOHLIN. 


From the Department of Bacteriology and Immunology and the Department of 
Biochemistry, Vanderbilt Medical School, Nashville. 


It is generally stated that in carbon monoxide asphyxiation the 
smaller and the younger individuals, with the more active metabo- 
lism, tend to approach saturation more rapidly, and that small indi- 
viduals therefore succumb sooner than large individuals. Four 
parts of carbon monoxide in 1000 parts of air are considered fatal 
to man after an exposure of less than one hour and presumably 
much more fatal to smaller animals such as mice. 

Following the observation by one of us (R.C.A.) that the young 
of a family of wild mice survived while the parents died when ex- 
posed to illuminating gas, a series of experiments with 73 white 
mice was carried out. 

The data in Table I show that, contrary to current belief, the 
younger survive longer. In pure concentrations of chemically inert 
gases (nitrogen, hydrogen and argon) the young survive exposures 
from 3 to 6 times as long as those which prove fatal to adults. 

The lethal periods of exposure for adult and young mice, in the 
case of pure CO, and CO lie so close together that it is difficult to 
observe a survival of the young. This is partly due to the fact 
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TABLE I. 
Gas No. No. Wt. Time of Results 
Adults Young Exposure 
gm. sec. 
Nitrogen 3 24-26 25- 40 Died during exposure 
3 3- 4.5 25-150 Survived 
Argon 1 28 37 Died during exposure 
1 5 120 Survived 
Hydrogen 3 22-28 18- 20 Died during exposure 
5 3- 5 18-135 Survived 
2 3.5-4 120 Died after exposure 
COs 5 21-26 20- 36 Died during exposure 
5 3- 5.5 20- 33 Survived 
4 3.5-5 36- 60 Died after exposure 
Illuminating Gas 2 22-23 18 Died during exposure 
3 4-5 18- 40 Survived 
co 3 16-23 19- 22 Died during exposure 
4 3.9-6 19- 22 Died after exposure 
5 15-28 8- 15 Died after exposure 
3 2- 5 8- 12 Survived 
0.4% CO 5 25-28 Died in 8, 19, 21, 42 
and 60 min. 
3 5- 6 Died in 180, 225 and 
255 min. 
4 1.5 Died in 270, 300, 315 
and 360 min. 
4 2.5 Alive after 180 min., 
dead in 210 min. 
1 20 1 hr. Survived 
4 2-5 1 hr. Survived 


Nore: In nearly every experiment shown in these data an adult and a young 
were exposed simultaneously in the same chamber. 


that when adult and young animals were simultaneously exposed 
the gassing was continued until all muscle twitching in the animal 
which succumbed first had ceased. The young in such cases were 
still alive when exposure to the gas was discontinued but died in air 
within a few minutes after the termination of the experiment. 
When the time of exposure is sufficiently shortened the young sur- 
vive indefinitely and the adults die immediately after removal from 
the gas. 

The difference in time of survival between adult and young in illu- 
minating gas is even more pronounced than in the case of pure CO. 

In a 0.4% concentration of CO in air the time of exposure re- 
quired to cause the death of the young is from 3 to almost 50 times 
as long as that necessary to cause the adult to die. In 0.4% CO 
2-day-old mice similarly will outlive some which are 7 days old. 

It was found that in no instance does a young animal die during 
one hour’s exposure to 0.4% CO, which concentration is consid- 
ered fatal to man for that period. In but one instance did an adult 
mouse survive for an hour under these conditions. 
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It developed in our experiments with: the various gases, that in 
no instance, when young and old were exposed simultaneously, did 
the adult survive the young. 

No determinations of the comparative blood CO pictures of these 
animals under conditions of these experiments have been made. It 
is, therefore, not possible to offer any physiological explanation of 
this survival phenomenon. 
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Migration of Anthocyan Pigment in Plant Cells During the Flow of 
Electric Current, and Reversal by Acids and Alkalies. 


L. R. BLINKS 


From the Laboratories of The Rockefeller Institute for Medical Research 


Visible effects of the flow of direct current through the cells of 
Tradescantia and other plants bearing anthocyan indicators have 
been known since the studies of Kuhne.* They are generally 
accepted” * * as evidence of a change of acidity at the opposite ends 
of each cell, in accordance with the well known behavior of these 
pigments as indicators. A repetition of such experiments, with a 
variety of plants (from about a dozen families), leads the writer 
to a different interpretation, namely, a migration of the pigment 
within the cell. 

The typical results with one group of plants including Trades- 
cantia (Zebrina), Commelina, Rhoeo (see also second group), 
Lippia, Plantago, Sonchus, beet and turnip, are as follows: 

1. With uninjured cells, distant electrodes making contact to 
the tissue through agar, and low applied potential (1.5 to 6 volts in 
the epidermal strips as used) there is no apparent effect of current 
flow, the pigment remaining uniformly distributed throughout the 
cells and unchanged in hue. 

2. With higher potentials (10 to 20 volts, probably causing some 
injury), or with low potentials in cells injured by chloroform or 


otherwise, there is a marked migration of pigment in most cells of 


1 Kihne, W. Untersuchungen iiber das Protoplasma und die Contractilitat. 


Leipzig, 1864, pp. 98-100. 
2Bethe, A. Arch. ges. Physiol., 1916, 163, 147. 
3 Mast, 8. O. Z. vergl. Physiol., 1931, 15, 309. 
4 Marsh, G., Proc. Soc. Exp. Bion. AND MEp., 1932, 29, 666. 
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the tissue toward the positive pole (anode). This results in con- 
centrating it at the anodal end of each cell, the pink pigment there 
becoming deeper red in appearance, and depleting it at the cathodal 
end. The latter becomes almost clear, or more usually pale green, 
the general hue of the tissue when not pigmented with anthocyan. 
This green seems to have been taken to be due to increased alkalinity, 
but the expected intermediate hues, purple and blue, are not seen 
and the green is always pale. 

3. Moreover the same (anodal) migration of pigment occurs in 
cells which have been immersed in ammonia, or other alkali. The 
pigment, now turned purple, blue, or dark green, depending on the 
degree of alkalinity, still becomes concentrated toward the anode and 
depleted toward the cathode in each cell, with no change of hue but 
only of density. 

4. In almost all of these plants the direction of migration can 
be reversed by immersion of the tissue in acid solutions. The pig- 
ment becomes bright red or orange, and now migrates toward the 
cathode in each cell, becoming depleted toward the anode. The 
point at which this reversal occurs differs with different plants, and 
in one (Lippia.), migration remained anodal even after long immer- 
sion in 0.1 N HCl. In others the apparent “iso-electric point” of 
the pigment (or of some substance associated with its migration) 
was at pH 2, 3 or more. 

5. The effects remain reversible for some time in the more 
favorable plants (Commelina), as respects the color shifts by alter- 
nate immersion in acid or base, and the reversal of movement in 
the field with reversal of electrode polarity. In general the higher 
the current density, the faster the migration and the more densely 
crowded becomes the pigment at the end of each cell. The pigment 
migrates slowly back on breaking the current, or rapidly on its 
reversal. 

6. Even after the pigment has been changed to a yellow or 
brown color by long exposure to the air, the migration may persist 
for a time, almost always anodally, although more sluggishly and 
with a marked flow of granules. The entire protoplast also con- 
tracts slightly toward the anode at this stage, although the nucleus 
usually remains stationary. 

In contrast, a second group shows a cathodal migration of pig- 
ment without further treatment with acid. Rhubarb, with normally 
very bright acid cells is a logical example. In other plants, as 
Ricinus, Euphorbia peplus, Bryophyllum, Melilotus, Stenotaphrum 
(crab-grass), banana leaf and sometimes in Rhoeo, there is a catho- 
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dal migration even though the color of the pigment is pink or pur- 
ple, indicating no great acidity. However, often without further 
treatment than exposure to the air in Ricinus (also in Rhoeo when 
initially cathodal), and in the others with ammonia, anodal migra- 
tion is easily induced. The iso-electric point of the substance con- 
cerned in migration may thus vary considerably in different species, 
from about neutrality up to a very acid region. Consequently the 
migration could easily be reversed during an experiment either by 
natural changes of pH in the cells (e. g., by loss of COz) or by the 
diffusion of acid and alkaline products from electrodes. These may 
account for certain conflicting polarities given in the literature. 

Begonia, oleander, Solidago, nasturtium stem, Lantana, Sali- 
cornia and Sesuvium constitute a third group in which the colored 
cells show no very definite migration of pigment in either direction. 
Possibly there is a different type of pigment cells, and much of the 
current may flow elsewhere, particularly in the latter 2, which are 
salt marsh plants. 

None of these findings, of course, argues against a change of 
acidity due to current flow in other experiments, or even in these, 
though masked by the more conspicuous migration. The writer 
hopes shortly to present indirect evidence that such a change of 
acidity occurs in another case. Meanwhile a classic and apparently 


beautifully direct demonstration must be’ called into some question, 


as must the relevance of arguments based upon it. 
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Notes on Toxicity and Pharmacology of Indium. 


W. F. VON OETTINGEN 


From the Department of Pharmacology, School of Medicine, Western Reserve 
University 


Indium was discovered spectroscopically by Reich and Richter 
in Freiburg zincblende. Although widely distributed in minerals, it 
usually occurs only in very small quantities, and only recently West- 
brook’ worked out a process to isolate this element in larger quan- 
tities from crude zinc liquors which are residues from the manu- 
facturing of sulphuric acid. 


1 Westbrook, L. R., Am. Electrochem. Soce., 57th General Meeting, St. Louis, 
May 29-31, 1930. 
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Indium is a white, lustrous metal, very soft and ductile and slight- 
ly heavier than zinc. It melts at 155° and boils at 1450°. It does 
not tarnish at ordinary temperature, but oxidizes rapidly above the 
melting point, burning with brilliant violet flame at higher temper- 
ature. 

Chemically it resembles zinc in some respects and aluminum and 
iron in others. It is trivalent in stable compounds, and its sulphate 
forms alums with monovalent metal sulphates. Most indium salts 
are colorless, very soluble in water and hence do not crystallize eas- 
ily. Alkalies precipitate the white indium hydroxide from the 
aqueous solutions of the salts, which precipitate may be redissolved 
by sodium and potassium hydroxide at room temperature, but it is 
reprecipitated at boiling temperature. 

Preparation of Indium Solution. The material, for which we 
are indebted to the Grasselli Chemical Co., was stated to contain 
268 gm. of indium chloride per liter. From this a tenth molar solu- 
tion was prepared, containing 25.1 gm. of indium chloride per liter. 
This solution was found to have a pH of 1.8, using thymol blue as 
indicator. Attempts to neutralize this solution by means of alkali 
were not successful, because near the neutral point the hydroxide 
was precipitated. The mixture of indium chloride and sodium 
citrate, using 5 cc. M/10 indium chloride and 10 cc. M/10 sodium 
citrate can, however, be adjusted by means of alkali to pH 7.2 to 7.4. 


Precipitation of Proteins. Two cc. of a 10% solution of fresh 
egg white in water were mixed with 1, 2, 3, 4, and 5 cc. of a4% 
indium chloride solution, but gave no precipitate neither imme- 
diately after mixing nor after 24 hours. Similar experiments per- 
formed with 25% solutions of indium chloride showed precipita- 
tion only after some hours. Since these solutions were distinctly 
acid, they had to be compared with solutions of hydrochloric acid 
of the same pH. It was found that hydrochloric acid forms less 
precipitate after 24 hours than the 25% solution of indium chloride, 
from which it appears that the latter has some precipitant action on 
egg albumen. 

Astringent Action on Mucous Membrane. This was studied by 
determining the filtration velocity through frog skin, according to 
Sollmann.* The following solutions were compared: 4% solution 
of indium chloride, diluted hydrochloric acid of the same pH, 4% 
indium chloride buffered with sodium citrate and alkali (pH 7.4), 
and sodium citrate of the same concentration. 

After 4 hours, 4 cc. of the indium chloride solution, 7.9 cc. of the 


2Sollmann. T., J. Pharm. Exp. Ther., 1922, 21, 200. 
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citrated indium chloride, 12 cc. of the diluted hydrochloric acid, 
and 18.2 cc. of the sodium citrate solution had passed the mem- 
brane. This shows that indium chloride, and less so, the citrated 
compound, have some astringent action. 

Effect on the Fermentation by Yeast. This was studied by the 
method described by Sollmann and Pilcher,’ using a 4% emulsion 
of yeast in 10% sugar solution. Five cc. of this emulsion were 
mixed with equal volumes of 0.5, 1, and 2% indium chloride solu- 
tion buffered with sodium citrate and alkali, using for comparison 
equal concentrations of sodium citrate. These experiments showed 
no inhibition of the fermentation, and also series, in which unbuf- 
fered indium chloride and diluted hydrochloric acid of the same pH 
were used, showed only a very moderate inhibition, so that it ap- 
pears that indium chloride has no marked antiseptic action. 

Toxicity. The toxicity was first studied with earthworms, using 
the method described by Sollmann.* It was found that 4, 2, and 1% 
solutions of indium chloride buffered with sodium citrate and alkali, 
and also the corresponding concentrations of sodium citrate alone 
were fatal within from 5 to 15 minutes. Concentrations of 0.5 and 
0.25% and corresponding concentrations of sodium citrate were 
distinctly toxic, whereas concentrations of 0.1 and 0.05% had no 
visible effect. Since practically identical results were obtained with 
sodium citrate solutions, with and without indium chloride, it ap- 
pears that indium in form of its double salt is probably not more 
toxic for earthworms than sodium citrate. 

The toxicity for the frog seems also to be very moderate, be- 
cause after the subcutaneous injection of 2 cc. of 4% buffered in- 
dium chloride-sodium citrate mixture, the animals showed no other 
symptoms than those caused by sodium citrate alone. Injections of 
2 cc. of a 4% indium chloride solution into the lymph sac had no 
effect for 24 hours, perhaps on account of precipitation of the ma- 
terial at the site of the injection. 

The toxicity for mice is rather great (Table I). 

From this table it appears that with subcutaneous administration 
the minimal fatal dose for mice is about 0.06 gm. indium citrate 
per kg. and that death may occur with a considerable delay. Oral 
administration appears to be less toxic. Mice stood daily feeding 
of a total of 24 gm. of indium hydroxide per kg. for 2 weeks, with- 
out apparent toxic effect. 

The toxicity for rabbits is apparently higher, as indicated by the 


3 Pilcher, J. D., and Sollmann, T., J. Lab. and “Clin. Med, 1924, 10, 103. 
4Sollmann, T., Be Pharm. Exp. Fpl ah 1918, 12, 129. 
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TABLE I. 
Toxicity of Citrated Indium Chloride for Mice after Sublcditan cous Injection. 
Weight Days after Injection 
No. Gm, cc.inj. Gm. perKg. 1 2 ec) 4 5 6 7 
1 ce. = 0.215 Gm. citrated Indium chloride. 
Ti WurRed, 0.1 0.74 + 
II 27 0.2 1.6 + 
III 32 0.4 2.69 + 
IV 28 0.6 4.6 + 
V 25 0.8 6.88 + : 
1 ce. = 0.0215 Gm. citrated Indium chloride. 
vi 26 0.1 0.083 + 
Vil 24 0.2 0.179 + : 
VIII 19 0.4 0.452 + 
IX 20 0.6 0.645 + 
xX 21 0.8 0.818 + 
1 cc. = 0.01075 Gm. citrated Indium chloride. 
xI 20 sii 0.054 
XII 20 0.2 0.107 survived 
MET ae Looe 0.195 J 
XIV 23 0.1 0.047 ay 
XV 23 0.2 0.094 + 
XVI 21 0.4 0.205 ; ra + 
XVII 20 0.1 0.054 + llth day 
XVII 27 0.2 0.08 | + 
XIX 22 0.4 0.196 
1 cc. = 0.0043 Gm. citrated Indium chloride. 
xX 19 0.2 0.045 survived 
xXxXI 18 0.25 0.055 8th day killed moribund 
XXII 28 0.5 


0.077 survived 


results of E. E. Ecker, with subcutaneous injections of indium 
citrate in syphilitic rabbits. 

Systemic Action. On account of the low pH of pure solutions 
of indium chloride and of the presence of sodium citrate in the but- 
fered solutions, the effect of indium salts on isolated organs could 
not be studied. Some information could only be obtained by the 
subcutaneous injection of the citrated material into rabbits. The 
animals were prepared under local anesthesia for the registration of 
blood-pressure and respiration, and 0.54 gm. per kg. of indium 
citrate were injected subcutaneously. There was no visible effect 
during the first 7 hours. After this time, there was a slow but 
steady fall of the blood pressure. The amplitude of the heart beat 
was increased, showing a distinct diastolic tendency; as the fall 
of the blood pressure became more marked, the respiration was stim- 
ulated until the heart stopped suddenly in diastole. These animals 
showed no gross pathological changes. 

Pathological Picture. Mice treated with subcutaneous injections 
of buffered indium citrate solutions showed a more or less marked 
depression shortly before death, the hind legs were paretic, the res- 
piration rapid and spasmodic, later convulsions occurred and the 
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CHarT 1. 


Changes of the blood-count (upper diagram) and variations of body weight 
(lower diagram) in young mice after a single subcutaneous injection of indium 
citrate (0.06 gm. per kg.). 


animals died from asphyxia. Animals treated with subfatal doses 
developed some anemia (Chart 1); and lost in weight, but recov- 
ered. With the same and even larger doses of zinc chloride pre- 
pared in the same way as the indium chloride solutions, several mice 
remained normal for several weeks. 

Dr. H. Goldblatt examined microscopically the organs of some 
of the poisoned animals. The animals studied showed marked 
nephrosis and parenchymatic degeneration of the liver, but no 
pathological changes of the other organs, especially no edema or 
exudates. The site of the injection of all treated animals showed 
more or less marked induration which occasionally passed into nec- 
rosis. 

Clinical Application. On account of the comparatively high atom- 
ic weight of indium (114.8), it was thought that indium iodide 
might be useful as contrast agent for fluoroscopy, but examination 
of the absorption of roentgen rays in the ionization chamber, per- 
formed by Dr. O. Glasser, showed that the absorption was in the 
same range as that of sodium iodide solutions of corresponding 
concentrations. 
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The resemblance of certain chemical properties of indium to 
those of bismuth suggested its trial as antisyphilitic agent. The 
citrated solution of the chloride, an oily suspension of the hydrox- 
ide, and an aqueous suspension of the metal are being tested in this 
respect by Dr. E. E. Ecker. Although these studies are not yet 
completed, they appear to indicate that indium in these forms has 
no curative effect on luetic lesions in rabbits. 
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Biological Characteristics of Ovary-Stimulating Extracts Made from 
Blood of Pregnant Women”*. 


Cc, F. FLUHMANN 


From the Department of Obstetrics and Gynecology, Stanford University School 
of Medicine 


The demonstration that ovary-stimulating extracts prepared from 
human placenta (Collip et al.*), or from urine of pregnant women 
(Evans, Meyer, and Simpson’) differ from anterior pituitary 
gland implants in their influence on the weights of immature rat 
ovaries, is of considerable biological interest. It seemed of impor- 
tance, therefore, to determine if extracts made from the blood of 
pregnant women were similar in this characteristic. 

A crude estrin-free extract was prepared from blood by a method 
developed with the assistance of Dr. M. L. Tainter of the Depart- 
ment of Pharmacology, based on that of Wallen-Lawrence and 
Van Dyke® for the extraction of “hebin” from anterior pituitary 
glands. Forty to 50 cc., obtained by venapuncture, from each pa- 
tient was placed in a receptacle containing a few crystals of sodium 
citrate, centrifuged, the red blood cells discarded, and the re- 
sultant clear blood plasma shaken up 5 times with ether. Ten vol- 
umes of 95% alcohol were then added to the blood plasma, the solu- 
tion centrifuged, and the resultant precipitate washed twice with 
ether, dried, powdered, and extracted over night with 20 to 30 cc. 
of an isotonic sodium acetate-acetic acid buffer solution having a 

*Supported by a grant from the Rockefeller Fluid Research Fund of Stanford 
University School of Medicine. 

1Collip, J. B., Thomson, D. L., McPhail, M. K., and Williamson, J. E., Can. 
M. A. J., 1931, 24, 201. 

2 Evans, H. M., Meyer, K., and Simpson, M. H., Am. J. Phystol., 1932, 100, 141. 

3 Wallen-Lawrence, Z., and Van Dyke, H. B., J. Pharm. and Exp. Therap., 
1931, 48, 93. 
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pH of about 4.4. The next morning it was centrifuged and to the 
clear supernatant solution was added 6 volumes of 95% alcohol. A 
white precipitate resulted which was recovered by centrifugaliza- 
tion, again washed with ether, dried and powdered. This powder 
contained the active element and was fairly readily dissolved in 
small amounts of the buffer solution for injection. It was generally 
so made up that 1 cc. of the extract was equivalent to 2.3 cc. of 
blood plasma and various dilutions were prepared from this stock 
solution. 

Collip and his co-workers state that the injection of large doses 
of A.P.L. placental extract could not stimulate the ovaries of im- 
mature rats to develop to a size beyond that reached in adult life, 
while Evans, Meyer, and Simpson found that with prolan a curve 
in which ovarian weight is plotted against dose level quickly reaches 
a plateau and that a further 5-fold or even 10-fold increase in dose 
did not cause a further increase in ovarian weights. On the basis 
of the present preliminary work involving the use of over 80 imma- 
ture rats it may be stated that the same characteristic can be ascribed 
to pregnancy blood extracts which readily induce the development 
of graafian follicles and lutein bodies. As shown in Table I, it has 
been impossible to produce any great increase in ovarian weight 
over a period of 5 days even by increasing the dose 50 times. This 
is in startling contrast to the tremendous increase in ovarian weights 
produced by anterior pituitary implants, as originally reported by 
Aschheim and Zondek and Smith and Engle.* 


TABLE I 

Atend experiment Duration Wt. 

Age Body experiment Amount No. of Wt. uterus 

days wt. days injected injections ovaries + tubes 
27 36.0 ie ee Aes 013 054 
27 40.0 5 0.024 6 009 089 
27 40.0 5 0.024 6 011 110 
26 35.0 of bes 015 032 
26 35.0 5 0.05 5 024 114 
26 34.0 5 0.05 5 018 118 
26 31.0 as ee 008 026 
26 29.0 5 1.25 5 012 202 
26 29.0 5 1.25 5 014 .188 
50 70.0 ire ae ie 016 054 
50 62.0 20 0.33 33 020 253 
50 55.0 20 0.33 33 023 -293 
54 79.0 sad ee A .014 049 
54 68.0 24 0.41 41 .049 360 
54 50.0 24 0.41 41 033 344 
26 48.0 5 3 rabbit pituitary implants .104 139 
26 47.0 5 ee ; 069 128. 
26 49.0 5 “ 077 094 


4Smith, P. B., and Engle, E. T., Am. J. Anat., 1927, 40, 159. 
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Of considerable interest, however, is the pronounced increase in 
weight shown by the uterus under the influence of this extract. 
These weights are out of all proportion to the ovarian response and 
show a progressive increase according to the amount of extract ad- 
ministered. This is also marked even with small doses when the 
preparation is given over a prolonged length of time. In the ap- 
pended table are a few examples illustrating the effects obtained 
with one of the extracts, and for comparison are listed the findings 
in 3 immature rats each of which received one rabbit anterior pitui- 
tary gland implant daily for 3 days. However, as pointed out by 
Smith and Engle,* the uterine weights do not represent the absolute 
tissue gain as they were almost all done at a stage of uterine en- 
gorgement when the vaginal smear showed cornified or nucleated 
epithelial cells. The factors concerned in this phenomenon are not 
clear, but it is believed that the uterine growth is not due to ovarian 
hormones present in the extracts since these were ineffective in 
immature spayed rats. 
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Observations on Mgrch’s Method for Standardization of Thyroid 
Gland Preparations. 


W. W. PALMER anp J. P. LELAND. 


From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital, New York City. 


M@¢rch* devised'a method for the standardization of thyroid prep- 
arations based on the percentage increase of the carbon dioxide out- 
put of white mice after administration of thyroid preparations. 
Gaddum and Hetherington? compared the physiological activity of 
thyroid preparations with the thyroxine content as determined by 
Harington and Randall.* It seemed desirable to investigate ‘the 
question whether the thyroid glands of patients with exophthalmic 
goiter contained some substance other than thyroxine itself which 
might cause an increase in the basal metabolic rate. An answer 
seemed possible by feeding animals equi-thyroxine doses of dif- 

1 Mgrch, J. R., J. Physiol., 1929, 67, 221. 

2Gaddum, J, H., and Hetherington, M., Quart. J. Pharm. and Pharmacol., 


1931, 4, 183. 
3 Harington, C. R., and Randall, 8. S.; Quart. J. Pharm. and Pharmacol., 1929, 


2, 501. 
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ferent gland preparations obtained from patients with Graves’ dis- 
ease and from normal individuals. If the physiological activity of 
the 2 types of preparations proved to be the same, this might be 
considered evidence that the increase in basal metabolism charac- 
teristic of Graves’ disease could be accounted for by the thyroxine 
content alone. It would then be unnecessary to postulate the pres- 
ence of any other toxic substance. The method developed by Mgrch 
was chosen since it has the necessary feature that small amounts of 
material can be employed. 

Normal thyroid preparations from the series of Leland and Fos- 
ter* and exophthalmic goiter preparations from the series of Gutman, 
Benedict, Baxter and Palmer’ were used. All glands were analyzed 
by the method of Leland and Foster. The optimal experimental 
conditions worked out by Mgrch were closely adhered to and it was 
found that the carbon dioxide output of the mice could be deter- 
mined with the degree of precision which he claims (Table I). 


TABLE I. 
Normal Mice. 


Production of OO in 24 hours on 


No Wt. consecutive days in gm, Average 
in gm. 1st 2nd 3rd 4th Sth 
11 18.0 3.14 2.90 2.99 3.13 3.13 3.06 
12 17.0 3.10 3.20 3.24 3.10 2.94 3.12 
17 17.5 3.36 3.45 3.47 3.44 3.34 3.41 
29 17.5 3.44 3.60 3.43 3.35 3.39 3.44 
20 17.0 3.14 3.13 3.23 3.20 3.25 3.19 
25 17.0 3.55 3.58 3.74 3.74 3.63 3.65 
31 18.5, 3.27 3.35 3.38 3.44 3.34 3.36 


The commercial thyroid preparation used as a standard (Bur- 
roughs Wellcome & Co.) was first administered by mixing dry 
with the food as directed by M@rch. Later it was given in the form 
of a uniform suspension in 0.9% NaCl. A sufficient amount of 
the thyroid preparation was weighed out so that 2 cc. contained the 
correct dosage for a 20 gm. mouse. Daily variation of the dosage 
with change in weight was thus made easy. The suspension was 
shaken well and delivered directly onto the dry food, followed by 
3 cc. of milk. The food intake was cut to a minimum for weight 
maintenance, so that every morsel was eaten. This method of ad- 
ministration seemed more satisfactory than mixing a very small 
amount of gland material with a large quantity of food. No other 
variations were made from M@rch’s technique. 


4 Leland, J. P., and Foster, G. L., J. Biol. Chem., 1932, 95, 165. 
5 Gutman, A. B., Benedict, E., Baxter, B., and Palmer, W. W., in press. 
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The results are shown in Table II. 


TABLE II. 
CO, Daily Dosage Control Re- 
Mouse Thyroid Type Total Thyroxine In- per 20 gm. sponse to 
No. Preparation Gland Iodine Iodine crease Mouse Standard 
Av. 5 Thyroid Thyroxine Prepara- 
days Iodine tion (2) 
mg.per mg.per % mg. (1) 
gm. gm. 
1 B.W.&Co. Hog 2.54 0.592 —1.2 0.12 0.071 
2 ang a 2.54 0.592 6.7 0.12) 0.071 
3 zy, 2 2.54 0.592 7.4 0.12 0.071 
4 ae "ia 2.54 0.592 8.0 0.15 0.089 
5 7 ay 2.54 0.592 —1.8 0.15 0.089 
6 24 ag 2.54 0.592 9.9(3) 0.20 0.118 
if aS ie 2.54 0.592 25.5 0.20 0.118 
8 fd Re 2.54 0.592 22.6(3) 0.20 0.118 
9 ae eu 2.54 0.592 8.6 0.25 0.148 
10 a3 a 2.54 0.592 29.6 0.25 0.148 
11 i ay 2.54 0.592 22.3 0.25 0.148 
12 NS. Graves’ 2.80 0.540 21.3 0.274 0.148 
13 et fe 2.80 0.540 1.2 0.274 0.148 2.3 
14 No. 40 Normal 1.43 0.352 —3.3 0.420 0.148 1.1 
15 a 2? 1.43 0.352 4.0 0.420 0.148 10.3 
16 ie i 1.43 0.352 3.6 0.420 0.148 hee 
17 aM ay 1.43 0.352 2.6 0.420 0.148 
TOS PLS: Graves’3.90 1.10 18.7 0.134 0.148 
20 ae Ae 3.90) 1.10 8.1 0.134 0.148 
PaO a ese 4 3.18 0.468 0.8 0.316 0.148 —5.2 
22 wy 4? 3.18 0.468 19 0.316 0.148 7.4 
23 «(C. W. ae 1.54 0.16 —3.4 0.92 0.148 —2.4 
24 fe ase 1.54 0.16 —10.0 0.92 0.148 1.3 
25 a8 ey, 1.54 0.16 7.1 0.92 0.148 4.7 
26 a ay 1.54 0.16 1.6 0.92 0.148 14.6 
27 ty i 1.54 0.16 8.7 0.92 0.148 10.7 
28 22 ai 1.54 0.16 —2.4 0.92 0.148 7.9 
29 A.H. ed 2.14 0.535 —7.9 0.277 0.148 0.4 
30 7 a 2.14 0.535 —-15.3 0.277 0.148 —14.2 
31 6 ay: 2.14 0.535 2.1 0.369 0.148 12.4 
32 A.M. 22 3.88 0.69 15.0 0.213 0.148 
33 43 de 3.88 0.69 14.9 0.213 0.148 
34 =No. 27 Normal 1.21 0.272 —0.3 1.09 0.296 
35 i 1.21 0.272 7.9 1.09 0.296 
36 sd a 121 0.272 17.2 1.09 0.296 
37 2 £215 0.272 16.5 1.09 0.296 
38 os oe 1.21 0.272 13,1 2.18  0.592(4) 


(1) 1y= 0.000001 gm. 

(2) Animals failing to show a significant increase in CO, production after 
treatment with human thyroid preparations were rested from 10 to 15 days and 
then treated with the same dose of standard preparation. 

(3) Accidental death after 2 days in the respiratory chamber. 

(4) Two animals (not reported) died after 3 weeks’ treatment with this 
dosage. 


Although Gaddum and Hetherington found it necessary to use 
large amounts of thyroid in order to obtain significant increases in 
CO, production, positive responses were obtained in this laboratory 
in some cases at the low levels of dosage recommended by M¢rch. 
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Gaddum and Hetherington attribute this difference in dosage to 
the possibility that their animals were less sensitive than those of 
Mgrch. From Table II it may be seen that no valid conclusions can 
be drawn as to the comparative activity of different thyroid prepara- 
tions since different mice vary markedly in their response to the 
same dose of a given thyroid preparation, even though adminis- 
tered in an identical manner to animals kept under similar condi- 
tions. For example, a given dose of gland No. 27 produced changes 
in CO, output ranging from —0.3 to +17.2, while preparation 
marked N. J. produced in one case +21.3% and in another case 
bea vont. 

Our experience with the method of Mgrch is disappointing. Pos- 
sibly observations sufficiently great in number to afford a compari- 
son of the means rather than of individual values might yield in- 
telligible results. The method is long and tedious. Its reliability, 
even with a large series, is doubtful. 
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. Assay of Thyroid by Chemical Estimation of the Thyroxine 
Content. 


A. B. GUTMAN,* E. M. BENEDICT anp W. W. PALMER. - 


From the Department of Medicine, College of Physicians and Surgeons, Colwmbia 
Unwersity, and the Presbyterian Hospital, New York City. 


To investigate the variation in the thyroxine content of commer- 
cial thyroid preparations, thyroid tablets from 15 representative 
pharmaceutical firms were obtained in the open market and analyzed 
for total iodine, inorganic iodine and thyroxine. Harington and 
Randall’ made a similar survey, and found in tablets “each equiva- 
lent to 5 grains of fresh thyroid gland”, a variation of about 600% 
in the thyroxine content, as estimated by the total iodine in the acid- 
insoluble fraction. However, recent work” * * suggests that abso- 

“ George Alexander Fellow of the Leopold Schepp Foundation 

1 Harington, C. R., and Randall, S. S., Quart. J. Pharm. and Pharmacol., 1929, 
2, 501. 

2 Kendall, BE. C., and Simonsen, D. G., J. Biol. Chem., 1928, 80, 357. 

* Leland, J. P., and Foster, G. L., J. Biol. Chem., 1932, 95, 165. 


4Gutman, A. B., Benedict, E. M., Baxter, B., and Palmer, W. W., J. Biol. 


Chem., in press. 
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lute thyroxine values based on this method may be too high since 
after 4 hours’ hydrolysis with N/1 NaOH the acid-insoluble fraction 
appears to consist of a heterogeneous mixture of free thyroxine and 
incompletely hydrolyzed polypeptides containing diiodotyrosine. It 
was therefore thought desirable to follow a procedure which we had 
found satisfactory for the iodine partition of pathological thyroid 
glands.* This is based on the Leland and Foster method for the 
estimation of thyroxine,” a modified Kendall method for the deter- 
mination of total iodine® and aqueous extraction of the desiccated 
gland for estimation of inorganic iodine. All determinations were 
done in duplicate, the mean discrepancy between duplicates in the 
thyroxine determinations being 2.7%. 

Fifteen different products were found’to have the following 
thyroxine iodine contents, in terms of mg. per one grain tablet. 
0099, .0124, .0187, .0226, .0257, .0260, .0270, .0280, .0291, .0305, 
0312, .0323, .0325, .0329, .0355. The difference between the mini- 
mum and maximum values observed is .0256 mg., a variation of 
259% with respect to the minimum figure. 

The variations in the physiological activity of commercial thyroid 
preparations as indicated by biological assay*:”° and in the thy- 
roxine content as suggested by the data of Harington and Randall 
and ourselves, seem to be inconsistent with present therapeutic stan- 
dards. Adherence to U.S.P. requirements markedly reduces the vari- 
ation in thyroxine content. However, of the 15 different preparations 
examined, only 7 contained “not less than 0.17 and not more than 
0.23 %iodine in thyroid combination” if iodine in thyroid combina- 
tion is defined as total iodine; while only 6 complied with the require- 
ments, if it is defined as organic iodine. The thyroxine iodine content 
in mg. per grain tablet in the first group varied from 0.0187 to 
0.0312, or 67%, while the thyroxine iodine content of the second 
group varied from 0.0260 to 0.0329, or only 26.5%. But while the 
variation in thyroxine content thus appears to be adequately con- 
trolled by keeping the organic iodine content within U.S.P. limits, 
the possible variation is much greater than that actually observed in 
our series. A preparation with an organic iodine content of 0.17% 
may have a thyroxine iodine percent of organic iodine of 18%, and 
another preparation with an organic iodine content of 0.23% may 
have a thyroxine iodine percent of organic iodine of 35%. Both 
preparations would satisfy the U.S.P. requirements, but the varia- 


5 Foster, G. L., and Gutman, A. B., J. Biol. Chem., 1930, 87, 289. 

6 Munch, J. C., Bioassays, 1931, 665. 

7 Hunt, R., Arch. Int. Med., 1925, 85, 671. 

8 Lipschitz, W., and Girndt, O., Arch. f. ewp. Path. u. Phar., 1931, 159, 259. 
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tion in the thyroxine content of the 2 preparations would be almost 
175%. The possibility of adulteration must also be considered. 
Addition of a cheap, water-insoluble, relatively stable substance such 
as iodized casein would be very difficult to detect by chemical means 
if determination of organic iodine or of the acid-insoluble iodine 
fraction is used for assay. 

Standardization of thyroid by direct determination of the thyrox- 
ine content after the method of Leland and Foster appears to be the 
most satisfactory solution of the problem. The determinations can 
easily be made in cooperating commercial laboratories, an important 
consideration for any practical method. By maintaining the thy- 
roxine content of thyroid tablets within specified limits, one of the 
most important of the variables encountered in thyroid medication 
may be eliminated. 
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Retardation of Tuberculous Infection in Guinea Pigs Vaccinated 


with Killed Tubercle Bacilli as Shown by Cultural Method. 


JULES FREUND. 
From the Henry Phipps Institute, Unwersity of Pennsylvania. 


The effect of vaccination with killed tubercle bacilli upon the resis- 
tance of animals to tuberculous infection has been studied exten- 
sively. It has been repeatedly shown that guinea pigs can be sen- 
sitzed by this means to the intracutaneous injection of old tubercu- 
lin (Romer,’ Bessau,’ Zinsser, Ward and Jennings,* Petroff*). Its 
influence upon the course of subsequent infection, however, has 
been studied with less conclusive results under widely varying ex- 
perimental conditions. Romer,’ Zinsser, Ward and Jennings,° 
Petroff,* and L. Lange’ conclude that such treatment gives some 
protection; Dold,* and Seligmann and von Gutfeld,” that it gives 
none. B. Lange and his associates*® believe that inoculation with heat- 


1 Romer, P. H., Beitr. klin. Tub., 1909, 12, 185. 

2 Bessau, G., Berl. klin. Woch., 1916, 801. 

3 Zinsser, H., Ward, H., and Jennings, F. B., J. Immun., 1925, 10, 719. 

4 Petroff, S. A., and Stewart, J. Immun., 1926, 12, 97. Petroff, 8. A., Branch, 
A,, and Jennings, F. B., Ibid., 1929, 16, 233. 

5 Lange, L., Zentralbl. Bakt., 1921, 85, 26. 

* Dold, H., Klin. Woch., 1925, 1763. 

7®Seligman, E., and von Gutfeld, F., Deitsche med. Woch., 1925, 1064. 

§ Lange, B., and Freund, R., Zeitsch. Hyg., 1926, 105, 571. Lange, B., and 
Jochimsen, E., Ibid., 1927, 107, 426. Lange, B., Jochimsen, E., and Magat, J., 
Ibid., 1927, 107, 645. 
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killed tubercle bacilli affords only a very slight protection, which 
can be as readily obtained with killed B. coli or a lipoid derived 
from animal tissue (““Helpin”). In the work thus far reported, the 
effect of immunization has been estimated by comparing in vacci- 
nated and unvaccinated animals the duration of disease and the 
pathological changes observed at autopsy. 

Tubercle bacilli injected into the tissues of guinea pigs penetrate 
the lymph ducts and cause formation of tubercles in the nearest 
lymph nodes, and the rate of spread of the bacteria in the regional 
lymphatic system is an important factor in the progress of the dis- 
ease. Opie® has shown that soluble antigens such as crystalline egg 
albumin and horse serum, spread rapidly from the site of injection 
and enter the blood stream in normal animals, but that when rabbits 
have been immunized by repeated injections these antigens are fixed 
at the site of the acute local inflammation (Arthus phenomenon). 
Similarly Willis*® has shown a delay in the dissemination of tubercle 
bacilli along the lymphatics draining the site of injection in guinea 
pigs immunized with living avirulent tubercle bacilli. They demon- 
strated the presence and estimated the quantity of bacilli in the or- 
gans by guinea-pig inoculation. The present study is an attempt to 
determine by the cultural method, whether inoculation with heat- 
killed tubercle bacilli retards the spread of living tubercle bacilli in 
the regional lymphatics. 

Experimental. The vaccine was prepared from a very virulent 
strain of tubercle bacillus of human type (489A). Three-weeks- 
old cultures removed from glycerin agar were dried over sulphuric 
acid in vacuo. One cc. of the suspension contained 2 mg. of tubercle 
bacilli (dry weight). The suspension was sealed in ampules and 
immersed in boiling water for 20 minutes. Six guinea pigs injected 
with 5 cc. of the vaccine were found free of tuberculosis when 
killed 6 months later. No growth was obtained on Dorset’s medium. 

Male guinea pigs weighing from 350 to 420 gm. were used. One 
cc. of vaccine was injected close under the skin about 1 cm. below 
the right clavicle three times 5 days apart. One month later, 0.5 cc. 
vaccine was similarly injected. One or two abscesses were found at 
the site of injection in all vaccinated animals. Five days after the 
last vaccination 6 of the vaccinated guinea pigs were injected with 
0.1 cc. of a 1-in-10 dilution of old tuberculin. All of them showed 
tuberculin reactions with necrosis. This skin reaction differed in 
one respect from those seen in tuberculous guinea pigs: there was 


9 Opie, E. L., J. Exp. Med., 1924, 39, 659. 
10 Willis, H. S., Am. Rev. Tub., 1925, 11, 427. 
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relatively more necrosis and less edema. Five days later the vac- 
cinated and control (not vaccinated) animals were infected with 
tubercle bacilli. The strain used was of human type (489 A); 
0.00001 mg. killed guinea pigs within 6 months when injected sub- 
cutaneously. Two-tenths cc., containing 0.001 mg. of tubercle bacil- 
li, was injected into the skin of the left groin of 3 vaccinated and 3 
control guinea pigs, alternately. At short intervals guinea pigs of 
both groups were killed, the organs removed and cultured, and the 
macroscopic pathological changes noted. From some of them 
(Table 1) one-half of the spleen was cultured. The following pro- 
cedure was employed in culturing. 

The guinea pigs were bled to death and the organs were removed 
aseptically, cut into small pieces and ground with sea sand alone 
and with 1.2 cc. of phosphate solution. Of the resulting suspensions, 
some prepared from the spleen were treated with Petroff’s sodium 
hydroxide method to kill microorganisms other than tubercle bacilli. 
The suspensions were placed in test tubes containing glass beads 
and shaken, and 0.1 cc. was spread on each of 3 or 4 tubes of Dor- 
set’s medium, and on 3 or 4 tubes of Petroff’s medium. To prevent 
evaporation paraffin was poured on the cotton plugs from a coffee 
pot. The colonies were counted at various intervals, and the final 
reading was made during the fourth month of incubation. 

The following tables show in what numbers and at what inter- 
vals after infection, colonies of tubercle bacilli were obtained from 
the lymph nodes and spleen of vaccinated and control animals. 

Tables I and II show 2 distinct differences in the vaccinated and 
unvaccinated animals. (1) Positive cultures were obtained from 
the lymph nodes of the unvaccinated animals after a shorter period 
of infection. Unexpectedly, this order seemed to be reversed in 
the spleen, but this result was probably only apparent, and due to 
the fact that the colonies were obtained from the spleen of one 
vaccinated animal by the direct method, from the others, by the 
sodium hydroxide method, which yields fewer colonies. (2) A 
larger number of colonies were obtained from the control group. 

These observations show that immunization of guinea pigs with 
heat-killed tubercle bacilli, having produced hypersensitiveness tc 
old tuberculin, retards dissemination of living tubercle bacilli 
through the regional lymphatics. Evidence as to whether the re- 
tardation is due to a mechanical fixation, or to destruction (killing ) 
of the injected tubercle bacilli, or to both, could probably be ob- 
tained by culturing the tissue injected with tubercle bacilli. 
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TABLE I. 
Number of Colonies Obtained from Vaccinated and Unvaccinated Guinea Pigs 
3 after Intracutaneous Injection with 0.001 mg. Tubercle Bacilli. 


Interval Abdominal- Inguinal] Ihae Spleen 


after inguinal lymph node lymph node 
infection lymph node 
v. c. v. G2 v. c. v. co 

days 
1 0 12 — — — — 0* o* 
8 0 60 — = — — 60 0* 
10 0 0 — — — — 0 0* 
13 0 2,000 — 0 0 0 0 0* 
16 Hr 2. 160 tL BOG ae a Naas 
21 80 - 0 — 0 600 0 0 
23 — — 0 0 0 60 _— 60 
29 — —_ — 4,800 as 500 ot Fe 
33 — —- — 0 — 0 — 0 
35 4,800 — 0 — 0 _ 0 = 
36 — 9,600 — _— — 8,400 — - 
37 — — 0 _ 0 — 0 ee 
42 2,200 —_ — 20 = 0 0 9,600 
43 1,200 — = — 780 —_ 180 — 
44 ae 0 — 4,800 SB een 
48 2,400 on 1,440 12,000 24,000 ae 0 24,000 
50 35,000 — 1,200 12,000 — _ 0 — 
55 6,720 18,000 31,000 24,000 4,200 12,000 600 2,400 
64 1,800 — 22,800 - 36,000 12,000 54,000 48,000 
67 24,000 — 16,800 — 100,000 — aa oe 


vy. vaccinated with heat-killed tuberele bacilli. 

ce. control. 

0 no colonies found. 

— not done or lost on account of contamination. 
* treatment with sodium hydroxide. 

+ Also called superficial inguinal lymph node. 


TABLE II. 
Immunization with Heat-killed Tubercle Bacillt. 
Number of Days Elapsed Between Infection and Positive Cultures. 


Organ Vaccinated Unvaccinated 
Abdominal-inguinal lymph node 21 1 
Inguinal lymph node 48 16 
Iliae lymph node 43 21 
Spleen 8 16 
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Conjugation of Benzoic Acid with Glycine, a Test of Liver Function. 


ARMAND J. QUICK. (With the technical assistance of Mary A. Cooper.) 


From the Department of Surgical Research, Cornell University Medical College. 


In a recent study on the conjugation of benzoic acid in man, the 
author found that the excretion of hippuric acid proceeded at a con- 
stant rate irrespective of the amount of sodium benzoate adminis- 
tered. Since it was further found that the output of hippuric acid 
was greatly increased by feeding glycine or foods rich in glycine 
such as gelatine, it became obvious that the rate of hippuric acid 
formation is dependent upon the speed with which the body can 
synthesize glycine. It was determined that a normal adult can pro- 
duce enough glycine to conjugate from 0.90 to 1.30 gm. of benzoic 
acid per hour. z 

Since the main site of the synthesis of glycine is presumably the 
liver, it was considered probable that certain types of liver damage 
might show a diminution in the hourly excretion of hippuric acid. 
On this basis a test was carried out as follows: 5.9 gm. of sodium 
benzoate dissolved in 150 cc. of water is administered 1 hour after 
a breakfast consisting of coffee and toast. Complete hourly speci- 
mens of urine are collected for 4 hours. Hippuric acid is determined 
by the author’s method.* A simpler method which is sufficiently 
accurate for clinical purposes can be employed. In this procedure 
the hourly specimen is measured, transferred to a small beaker, and 
acidified with concentrated HCl until acid to Congo red. (1 ce. of 
the acid is usually sufficient.) The solution is vigorously stirred 
until the hippuric acid has completely crystallized out, and then is 
allowed to stand at room temperature for 1 hour. The hippuric 
acid is filtered off on a Buchner funnel or a small filter plate, washed 
with cold water, allowed to air dry, and finally weighed. (Weighing 
to the second decimal place is sufficiently accurate.) To obtain the 
total hippuric acid, one adds to the weight of the precipitated crys- 
tals, the calculated amount remaining in solution. One hundred cc. of 
urine will hold in solution approximately 0.33 gm. of hippuric acid. 
If the volume of any specimen exceeds 150 cc., it should be slightly 
acidified with acetic acid, and concentrated on a water bath to about 
50 cc. before precipitating the hippuric acid. 

In applying the test to various liver diseases, the most striking 


1 Quick, A. J., J. Biol. Chem., 1931, 92, 65. 
2 Quick, A. J., J. Biol. Chem., 1926, 67, 477. 
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results were obtained in cases of toxic jaundice including catarrhal 
jaundice, and in obstructive jaundice of moderately long standing. 
In all these cases a definite diminution in the rate of hippuric acid 
excretion occurred, and significantly, the hourly output often re- 
mained low long after the jaundice had cleared up. In Table 1 a few 
typical results are recorded. 


TABLE I, 
Hourly Excretion of Hippuric Acid. 
Normal Obstructive Jaundice Catarrhal Jaundice 
Time I Il It 

hr. gm. gm. gm. gm. gm. gm. gm. 
a 1.29 0.43 0.81 0.54 0.43* 0.23 0.35* 
2 1.96 1.96 1.46 0.93 0.56 0.51 0.51 
3 0.82 1.28 1.51 0.93 0.54 0.65 0.44 
4 0.28 0.79 1,49 0.81 0.70 0.54 0.69 


*10 days after the first test. 
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Appearance of Large Amounts of Non-Stainable Cultivable 
Granules in Bacterial Cultures on Saccharose Media. 


LOUIS DIENES. 


From the Department of Pathology and Bacteriology, Massachusetts General 
Hospital, Boston. 


A Gram-positive spore bearing aerobic bacillus, isolated following 
accidental contamination of a saccharose broth tube, was found to 
grow on a saccharose agar plate as a thick soft spreading film. 
This film later became of semi-liquid consistency and in it the bac- 
teria could be seen whirling about. Using a dark background prep- 
aration, the culture consisted for the most part of scarcely percepti- 
ble minute granules, often arranged in large clumps. Masses of 
these granules were seen in saccharose broth cultures as well as 
upon solid media. Using.a very strong light or sunlight with the 
dark field microscope, these granules were also visible in strong 
Brownian movement. They were not stained by the usual methods. 
They were made visible by the following technique: a loopful of a 
broth culture or of an emulsion of the agar growth was mixed on 
a slide with a loopful of a crystal violet solution (a 1:5 or 1:10 
dilution of the solution used for Gram stain). About one minute 
later a loopful of a 5% solution of silver nucleinate was added and 
the whole mixture was spread over the slide as a thin film. A sec- 
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ond method also gave satisfactory results: the emulsion was spread 
over the slide, dried, stained with crystal violet without fixing, 
washed, covered with silver nucleinate without previously being 
dried, and finally the silver solution was allowed to drain off by 
tilting the slide. The bacteria appeared violet, the granules color- 
less on a brown background. 

When a thick streak from a well grown culture is made on a sac- 
charose agar plate and kept at 25°-30°C. the growth begins to spread 
in 15-30 minutes. With the aid of a hand lens the bacterial mass 
is seen to be surrounded by a thin film which spreads laterally at a 
rate of 2-3 mm. in an hour. Microscopically this film does not con- 
sist of bacteria, but of an amorphous material arranged in zig-zag 
branching streams and containing many tiny colony-like thickenings 
which are often connected with each other though in other areas 
connections between the tiny colony-like agglomerations cannot be 
made out. An impression preparation of this film reveals only the 
non-stainable granules without bacteria. As the film becomes thick- 
er, the bacteria move actively into it from the edge of their colony, 
but this bacterial invasion is soon followed by a further extension 
of the spreading film. This phenomenon occurs only on saccharose 
plates, and not on plain, dextrose or blood agar. 

The edge of this spreading film was touched with the tip of a fine 
glass capillary and another part of the plate inoculated. With con- 
siderable frequency clusters of tiny round colonies consisting solely 
of the non-stainable granules without admixture of bacteria devel- 
oped. Definite growth of the transplanted colonies could be ob- 
served. 

The filtrate of a thoroughly centrifuged saccharose broth culture 
through a Berkefeld N filter is usually turbid and on microscopic ex- 
amination contains no bacteria but a large number of non-stainable 
granules. The filtrate remains sterile for many days and transplants 
of it on agar or in broth have not grown. However, in some fil- 
trates contaminated in the course of repeated transfers the con- 
tamination was accompanied by an enormous increase in the num- 
ber of granules, and on one occasion a large number of granule 
colonies grew out on a saccharose agar plate between the contami- 
nating coccus colonies. When the spores of the bacteria were 
heated at 100°C. for one minute, and inoculated into saccharose 
broth the non-stainable granules were reproduced. It seems neces- 
sary to conclude therefore that they are derivatives of the bac- 
terium. 

Oerskov’ first described similar phenomena with a fluorescent- 


1 Oerskov, T., Zbl. f. Bakt., 1931, 1, 120. 
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like bacterium isolated from milk. We found this organism with- 
out difficulty in several fresh milk samples and were able to confirm 
with it most of the observations of Oerskov. We failed, however, 
with the milk organisms to demonstrate the most important point, 
that a growth of the non-stainable granules can be obtained which is 
certainly independent of the growth of the bacteria, though the 
evidence for this is strongly suggestive. 

It has long been known that upon saccharose media the colonies 
of many bacteria develop a peculiar slimy consistency. We have 
examined the slime produced by 6 different types of organisms 
grown on saccharose media and have found it in all cases to con- 
sist of particulate matter in the form of non-stainable granules, 
similar in all respects to the findings described above. It is of 
special interest that streptococci from human throats often were 
found to form large semi-transparent colonies on saccharose plates. 
The granules in these colonies are very small and could be seen 
only with dark field illumination, being apparently too small to show 
up with the staining methods described above. 
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Colon Activation by Intravenous Hypertonic NaCl Injection in 
Unanesthetized, Trained Dogs. 


FREDRICK F. YONKMAN. (Introduced by F. H. Pratt.) 


From the Department of Pharmacology, Boston University School of Medicine. 


Since Hughson and Scarff* first reported peristaltic augmentation 
of the ileum after NaCl intravenously in anesthetized cats, several 
investigators have confirmed the observation.” * *° Regarding the 
response of the colon no action has been experimentally demon- 
strated. Thus our results seem interesting since they show that the 
large intestine can be activated by salt solutions of adequate hyper- 
tonicity when intravenously administered. 

This work was carried out in unanesthetized, trained collies, 


1 Hughson, W., and Scarff, J. E., Johns Hopkins Hosp. Bull., 1924, 35, 197. 

2 Ross, J. W., Canad. Med. Assn. J., 1926, 16, 241. 

3 Dreyer, N. B., and Tsung, Thelma, J. Pharmacol. and Eup. Therap., 1929, 
36, 629. 

4Orr, T. G., Johnstone, P. N., and Haden, R. L., Surg. Gynec. and Obstet., 


1931, 52, 941. 
5 Reid, P. E., Proc. Soc. Exp. Brot. anp Mep., 1931, 29, 220. 
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which had undergone cecostomy after “the method described by 
Plant and Miller.© Rubber balloons of convenient size, under uni- 
form water pressure were inserted into the anterior colon and reg- 
istrations were recorded through a closed system® by means of Men- 


denhall’s' modified Brodie® bellows. Varying amounts, 2 to 15 cc.,, 


of NaCl 5% and 20% concentration were injected intravenously 
and intracardially. 

Results. 5% NaCl only slightly (a) augments colonic tonus, 
(b) increases peristaltic amplitude. 

5% NaCl does not alter peristaltic frequency. 

5% NaCl shows little or no disturbance of frequency and ampli- 
tude of rhythmic waves. 

20% NaCl definitely (a) augments colonic tonus, (b) increases 
peristaltic amplitude, (c) induces peristalsis, in the quiescent, atro- 
pinized colon. 

20% NaCl shows little or no augmentation of frequency and 
amplitude of rhythmic waves. 

Similar amounts of normal saline fail to affect the colon. 

20% NaCl, 1.0 cc. per kg., as here administered did not produce 
vomiting or retching movements. 

5% and 20% NaCl failed to produce defecation in these particu- 
Jar experiments. 

No evident distress was ever isheomed in over 20 experiments. 

Conclusions. Reasonably small amounts of hypertonic NaCl so- 
lutions intravenously injected promote or augment activity of the 
colon. Since this increased activity can be induced after atropiniza- 
tion, NaCl, in this instance, probably affects either Auerbach’s 
plexus or the intestinal muscularis directly. We are not overlooking 
the possibility that sufficient disturbance of oxygen transport may 
occur to produce partial asphyxiation which may stimulate the in- 
testinal musculature. This possibility is being investigated. The 
beneficial application of intravenous hypertonic NaCl in colonic 


stasis—myogenic or neurogenic in origin—seems worthy of con-. 


sideration by the clinician. 


6 Plant, O. H., and Miller, G. H., J. Pharmacol. and Eup. Therap., 1926, 27, 
149. 

7 Mendenhall, W, L., Demonstration, Fed. Am. Soc. for Exp. Biol., Roches- 
ter, 1927. 

8 Brodie, T. G., J. Physiol., 1901, 27, 473. 
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Presence of Carotenase in the Liver of the Dog. 


ARTHUR C. PARIENTE anp ELAINE P. RALLI. 


From the Laboratories of the Department of Medicine, The University and 
Bellevue Hospital Medical College, New York University. 


That carotene is converted to vitamin A im vivo has been shown 
by Moore.2 Capper and his co-workers.” ? and by Drummond, 
Ahmad, and Morton.* Moore’ postulated that this conversion takes 
place in the liver. Olcott and McCann*® made a toluene water ex- 
tract of the livers of A-deficient rats, and with this extract were 
able to convert colloidal carotene to vitamin A im vitro. They be- 
lieved the activity of the extract to be due to an enzyme which they 
named carotenase. 

We attempted to prepare carotenase from the livers of normal 
dogs and of dogs on A-deficient diets. We succeeded only once out 
of 4 trials. In the successful attempt, we noted that in preparing 
the carotenase, much of the blood had remained in the liver. It 
occurred to us that the blood buffers present might have been re- 
sponsible for the preservation of the enzyme. We therefore made 
a liver extract, using a phosphate buffering solution of pH 7.4 in- 
stead of distilled water. The buffer was made by taking 39.5 cc. 
of 0.2 N (carbonate free) NaOH, 50 cc. of 0.2 M acid potassium 
phosphate, and this was made up to 200 cc. with distilled water. 
We found that such a solution always converted colloidal carotene 
to vitamin A as shown by a positive antimony trichloride reaction, 
even when watery extracts of the same liver did not. Colloidal 
carotene itself failed to give a positive antimony trichloride reac- 
tion. The liver extract solution also was tested but gave no reac- 
tion. 

Olcott and McCann showed that the enzyme was inactive after 
boiling. We have noted that it is also destroyed by exposure to cold. 
The enzyme can be kept active by keeping it at 37°C. 

Method. 30 gm. of liver was thoroughly ground with sand and 


1 Mooré, T., Biochem. J., 1930, 24, 692. 

2 Capper, N. S., Biochem. J., 1930, 24, 980. 

3 Capper, N. S., McKibbin, J. M. W., and Prentice, J. H., Biochem. J., 1931, 
25, 265. 

+ Drummond, J. C., Ahmad, B., and Morton, R, A., J. Soc. Chem. Ind., 1930, 
49, 291 T. ; 

5 Moore, T., Biochem. J., 1931, 25, 275. 

6 Olcott, H. S., and McCann, D. C., J. Biol. Chem., 1931, 94, 185. 
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Presence of Enzyme Carotenase in Buffered arid Unbuffered Liver Extract 


Solutions. 
Carotenase 
Dog Previous Diet Unbuffered Buffered 
40 Normal negative 
61 A-deficient diet negative 
51 A-deficient diet negative 
41 Normal positive 
12 A-deficient diet plus carotene negative positive 
65 A-deficient diet positive positive 
after 4 days’ incubation at 37°C. faintly positive positive 
49 Normal negative positive 
after 4 days’ incubation at 37°C. negative positive 


75 cc. of the above buffering solution saturated with toluene was 
added. The mixture was allowed to incubate at 37°C. for 24 hours 
and then filtered. Two cc. of the filtrate were added to 6 ce. of a 
colloidal solution of carotene* containing approximately 0.02 mg. 
of carotene per cc. The latter was prepared according to the meth- 
od of Fodor and Schoenfeld.*. This mixture was then incubated 
at 37°C. for 36 hours. It was then extracted by shaking with ether, 
the ether extract was dried with anhydrous sodium sulfate and 
metallic sodium, and evaporated to dryness by vacuum distillation 
in a stream of nitrogen. The residue was taken up in 5 cc. of 
anhydrous chloroform. To 1 cc. of this solution was added 1 cc. 
of the antimony trichloride reagent. The appearance of a blue 
color is interpreted as being due to the presence of vitamin A. 

Conclusions. 1. Carotenase is active in solutions of pH 7.4 and 
inactive in solutions on unfavorable acidity or alkalinity. 

2. Carotenase is destroyed by cold. 

3. In solutions of pH 7.4 carotenase maintains its activity for 
a considerable period of time if kept at 37°C. 


* The crystalline carotene was obtained from the Mead Johnson Laboratories. 
7 Fodor, A., and Schoenfeld, M., Biochem. Z., 1931, 283, 243, 
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A New Hormone of the Anterior Pituitary. 


OSCAR RIDDLE, ROBERT W. BATES anp SIMON W. DYKSHORN. 


From the Carnegie Institution of Washington, Station for Experimental Evolu- 
tion, Cold Spring Harbor, N. Y. 


Riddle and Braucher' showed that the effective stimulus for the 
enlargement and functioning (formation of “crop-milk’’) of the 
crop-glands of pigeons is a substance derivable from the anterior 
hypophysis only; and the luteinizing substance derived from preg- 
nant urine is not that substance. They were unable to decide 
“whether the principle activating the crop-gland is the growth, the 
sex maturity, or a third and now unknown anterior pituitary hor- 
mone.”’ We have now shown (a) that the principle which evokes 
the crop-gland response is a third anterior pituitary hormone, and 
(b) have identified this same hormone, which we shall here call 
“Prolactin” as the hitherto undefined pituitary principle which is 
essential for lactation in mammals. 

To prepare this hormone relatively free from the growth and 
gonad-stimulating principles frozen anterior pituitaries of beef or 
sheep were ground, defatted with acetone and alcohol and dried. 
This powder was extracted 3 times in aqueous medium at a pH of 
approximately 2.5. The acid extracts were precipitated isoelec- 
trically. The isoelectric precipitate was redissolved and reprecipi- 
tated 3 times to free it of maturity hormone and then dried with 
acetone. About 10% of the original weight of dried powder is thus 
obtained in an acid-soluble isoelectric-insoluble form. The addi- 
tion (to suspensions) of 0.2% cresol to complete the destruction of 
the growth principle does not markedly affect the “Prolactin”. 

Assays of several of our preparations, and some of the growth 
and gonad-stimulating extracts of others, have been made on im- 
mature common pigeons and ring doves of both sexes. Table I 
shows only a part of data from male ring doves. The crop-gland 
response is equally decisive in either species and sex; the gonad- 
stimulating response is more pronounced in males. Neither species 
has been adequately tested as to its suitability for the assay of the 
growth hormone; we therefore show here the absence of the “Pro- 
lactin” effect from growth hormone preparations of Drs. M. O. Lee 
and M. K. Schaffer, Boston, who kindly supplied very potent sam- 


1 Riddle, O., and Braucher, P. F., Am. J. Physiol., 1931, 97, 617. 
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Q TABLE I. 

Intramuscular injections of anterior pituitary preparations into male ring 
doves showing that growth and gonad-stimulating principles do not activate the 
crop-gland; ‘‘prolactin’’, practically free of the ‘‘maturity’’ principle, does 
activate the gland. | 


ce. Dura- Age Body Testes Single 


Preparation per tion of wt. Treated Average crop 
day bird animal control gland 
days mo. gm. mg. mg. mg. 
Growth hormone* 2 5 3.1 139 28.9 10.5 99 
No. 36 4 5 3.3 142 61.7 13.9 74 
8 5 3.3 128 168.6 13.9 128 
Growth hormone No. 311 .6 5 Su 135 35.3 10.5 73 
Growth hormone? 4 vf 2.6 155 26.1 7.0 105 
No. 31+ Prolan 4 iF 3.0 145 31.2 9.5 159 
Prolan3 2 5 3.0 143 6.9 9.5 84 
; 2 af 2.9 150 10.1 8.6 120 
Antuitrin 3 9 2.7 132 67.0 7.6 96 
(anterior lobe) 3 9 2.8 144 118.3 8.5 67 
“*Prolactin’?? 5A 6 2.9 129 8.8 8.6 740 
28 6 2.8 167 8.9 8.5 1050 
i 8 2.6 131 9.0- 7.0 390 
A 5 2.1 164 3.9 5.9 880 
2 5 2.4 155 7.5 6.8 960 
4 4 2.6 148 7.5 7.0 985 
5 4 2.3 123 7.4 6.3 925 
5 4 2:1 144 8.3 5:9 765 


* Lee and Schaffer; 0.4 ce. daily per 100 gm. rat gave maximum growth. 

1 Lee and Schaffer; 0.15 ce. daily per 100 gm, rat gave maximum growth. 

2 Hach 0.2 ee. daily. 

3 Antuitrin § (Parke, Davis and Co.), from pregnant urine; 100 R. U. per ce. 
+ Represents 10 mg. of acid-soluble isoelectric-insoluble fraction. 


ples assayed on hypophysectomized rats. Antuitrin (fresh) gives 
good gonad-stimulation in immature birds, but is devoid of the 
crop-gland stimulant. Prolan added to growth hormone was also 
without effect. 

Male and female mature guinea pigs and mature female rabbits 
have responded to daily or twice daily subcutaneous injections of 
“Prolactin” by milk secretion—the males after preliminary treat- 
ment with theelin and progestin. The gonad-stimulating principle, 
freed of ‘Prolactin’, fails in these tests; and the fresh growth prin- 
ciple is, by these and other tests, practically excluded. The secretion 
begins after 2-3 days in rabbits, 3-5 days in guinea pigs; the quan- 
tity is highly variable, and the term of secretion also variable. A 
resumption of milk secretion 5-7 days after cessation of treatment 
occtirs in some cases. 
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Secretion cf Crop-Milk in the Castrate Male Pigeon. 


OSCAR RIDDLE ann SIMON W. DYKSHORN. 


' From the Carnegie Institution of Washington, Station for Experimental Evo- 
lution, Cold Spring Harbor, N. Y. 


Riddle and Braucher’ showed that the cyclical extreme enlarge- 
ment of two areas of the crop wall, and the resulting crop-milk 
formation—both well known to occur at or near the end of the 
brooding period in pigeons—are under control of a hormone of 
the anterior pituitary. Only anterior pituitary tissue or extracts 
were found capable of initiating these processes, but with such tissue 
or extracts these phenomena could be produced in birds of both 
sexes and at all ages. While unaware of the results of Riddle and 
Braucher a report was later published by Kaufman and Dabrow- 
ska* in which the conclusion is drawn that the hormone of the 
testis is necessary for the normal cyclical functioning of the crop- 
gland in the male pigeon. 

Kaufman and Dabrowska castrated a male pigeon which had 
previously secured a female mate within a group of pigeons. After 
the male was castrated he ceased to copulate and express ardor, but 
nevertheless still maintained a special interest in his former mate. 
This female mate continued to lay fertile eggs—thus showing that 
another male (or other males) were copulating with her, and was 
wholly or in part stimulating the growth and ovulation of the eggs 
which she laid. It would therefore be a matter of much surprise 
if the castrate male began to incubate at the time this female laid 
eggs; for, even an unmutilated male pigeon who has been solely 
responsible for stimulating egg production in his mate is sometimes 
2 to 5 days out of syncrony® with his mate in the impulse to begin 
to brood or sit; again, apparently normal males sometimes brood 
for a few days only and fail to complete the cycle. Indeed, it is of 
much interest that a castrate pigeon will incubate at all, and (though 
apparently unaware of this) Kaufman and Dabrowska have ob- 
served what seems to be the first recorded case. These authors, 
however, entirely fail to state whether this castrate began incubation 
as soon as eggs were laid by his mate or only 5 or 10 days there- 
after; also whether the incubation was consistently and earnestly 


1 Riddle, O., and Braucher, P. F., Am. J. Physiol., 1931, 97, 617. 
2 Kaufman, L., and Dabrowska, W., C. R. Assoc. d. Anat., Warsaw, 1931, Aug. 
3 Whitman, C. O., Behavior of Pigeons, Carnegie Inst. Publ. 257, 1919, 8. 
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done; and whether perhaps he performed this function equally, but 
quite perfunctorily, at all times when eggs were placed in the nest 
of his mate. All these points have an important bearing on the sig- 
nificance of their finding that, when killed at the time its mate’s 
young were hatched, the crop-glands of this (complete) castrate 
were entirely inactive. Unless this male had performed true incu- 
bation during the 13 or more days immediately preceding autopsy 
there would be no reason to expect anything other than inactive 
crop-glands. The fact that this castrate—operated when adult and 
probably after it had fed young—still showed the instinct to feed 
young is interesting but of uncertain meaning in relation to the 
point discussed here. 

First Test. We have made 2 tests of the capacity of the crop- 
glands to enlarge and function in castrate male pigeons at the end 
of cycles of incubation which we knew were full and normal cycles: 
A normal mated pair which had produced and incubated earlier 
eggs was permitted to go through the copulations requisite for the 
production of a pair of eggs (laid April 24-26). The male was 
castrated on April 25—the date on which normally he would lightly 
begin incubation. Except for light sitting during the following 2 
days, apparently because of sore wounds, he nested consistently. 
The 2 young were hatched on May 12. It was then proved (by 
removing the female) that the castrate could and did feed the 
young (May 12-13). On May 13—. e., 18 days after castration 
and beginning incubation—the castrate was killed for the necessary 
inspections. The castration was found to have been completely ac- 
complished. A considerable part of the left, and a smaller part of 
the right, epididymis remained in situ; these were removed and 
sectioned. The 2 crop-glands were actively secreting crop-milk. 
The weight of the right gland was found to be 4.200 gm. Since 
this area when entirely inactive weighs approximately 0.200 gm. 
(in this race) it was 20 times its weight in the inactive state. The 
sectioning of such crop-glands is wholly superfluous; weights (or 
even appearance) are entirely decisive. 

Second Test. Another (larger) male was castrated under con- 
ditions entirely similar to the case described above. This castrate 
also incubated consistently till both young were hatched 18 days 
later. The castrate fed these young at once, and was killed on this 
same day. The crop-glands were actively secreting, the weight of 
the right gland being 5.400 gm. Close examination of the former 
site of the testes showed no trace of gonad tissue on the left side; 
on the right side a small nodule (6.6 mg.) of regenerating testis 
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tissue was found. Even at the date of autopsy the amount of this 
tissue was only about one-fourth of 1% of the amount of testis 
tissue removed at castration. 

Injection Tests. Further to test the capacity of anterior pituitary 
extracts to activate the crop-glands in castrate male doves and 
pigeons 2 additional castrates were treated as follows: A male which 
had been castrated (completely) 6 months earlier was given 4 daily 
injections of an alkaline extract of the anterior lobes of cattle. 
Ninety-six hours after the first injection the right crop-giland, 
though not actively secreting, had attained almost or quite to the 
maximum (1.900 gm.) to be expected from the dosage, and would 
doubtless have begun secretion within the next 24 hours. A sec- 
ond, and wholly similar test was made on a ring dove, also cas- 
trated 6 months before the administration of the pituitary extract. 
Here the crop-glands were actively secreting and the right gland 
(normal inactive weight=about 0.100 gm.) weighed 0.930 gm. 
Here again we obtained the maximum enlargement to be expected 
from dosage during a 4-day period. 

Summary. The castration of male pigeons at the beginning of 
an incubation cycle, to insure true and consistent incubation, does 
not even slightly interfere with the enlargement and complete func- 
tioning of the crop-glands at the end of the incubation cycle 18 days 
later. 

Castration of adult male pigeons and doves 6 months prior to the 
administration of potent extracts of the anterior pituitary does not 
lessen or otherwise modify the capacity of these extracts to activate 
the crop-glands of these birds. 

There is no valid evidence that the testes play any direct part in 
the activation of the crop-glands. The testes do, of course, induce 
or influence the copulations which normally lead to the males’ im- 
pulse to incubate; and a completed term of incubation apparently 
induces the anterior pituitary to release the specific hormone which 
in turn activates the crop-glands. The presence of this activator 
in the blood is as effective in the absence as in the presence of the 
testes. 
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Relative Growth Rates in Large and Small Races of Pigeons. 


OSCAR RIDDLE, DONALD R. CHARLES anp GEORGE E. CAUTHEN. 


From the Carnegie Institution of Washington, Station for Experimental Evo- 
lution, Cold Spring Harbor, L. I. 


Castle and Gregory’ showed that cell multiplication is more 
rapid in the eggs of a large race of rabbits than in one of small 
adult size, although the absolute size of the eggs before cleavage 
and the rate of differentiation during prenatal growth were not 
different in the 2 cases. Here the adults of the large race were 
fully 3 times as large as those of the small race; at birth, however, 
individuals of the large race were only twice the size of newborn 
- ofthe small race. Painter® had earlier obtained evidence that 12-day 
embryos of this same large race of rabbits contained more cells than 
did embryos of the small race when studied at the same age. Finally, 
Robb* found that the percentage growth-rate from birth to puberty 
is the same in these 2 races of rabbits, but after puberty this rate 
is more depressed in the small race. He failed to find evidence 
that pituitary difference is at any stage the basis of the growth 
difference. 

In the present study we wished to learn from large and small races 
of common pigeons the extent to which differential growth is de- 
monstrable by size at hatching, and the extent and time-relations of 
differential growth rates in the post-hatching period. This limita- 
tion of our problem relieves us here of the citation of a large body 
of literature. While this study was in progress Byerly’ published 
rather extensive data concerning the growth of embryos from a 
larger (2.77 kilos) and a somewhat smaller (2.01 kilos) race of 
fowls. From the 10th day onward it was found that the embryos 
of the heavier race were slightly heavier than those of the lighter 
race; but in eggs of the same weight from the 2 breeds the size dif- 
ference tends to disappear toward hatching time, probably due to 
the equivalence of a strictly limited food supply. A relation be- 
tween size of egg and ultimate size of the contained embryo was 
indeed earlier well known in fowls, and in this laboratory it has long 


1 Castle, W. E., and Gregory, P. W., J. Morph. and Physiol., 1929, 48, 81. 
2 Gregory, P. W., and Castle, W. E., J. Exp. Zool., 1931, 59, 199. 

3 Painter, T. S., J. Exp. Zool., 1928, 50, 441. 

4 Robb, R. C., Brit. J. Exp. Biol., 1929, 6, 293. 

5 Byerly, T. C., J. Morph. and Physiol., 1930, 50, 341. 
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been recognized to hold for pigeons. Kaufman® has published a 
series of papers dealing with body and organ growth in a race 
(unnamed) of pigeons, and in one of these studies’ has compared 
the rate of growth in chick and pigeon embryos. Data showing the 
exceptionally high rate of growth of ring doves and pigeons have 
been reported by Riddle® and by Lienhart.’ 

Four well-known and long-established races were chosen for 
study. We may here consider the weight of all these birds at 105 
days (after beginning development; 87 days after hatching) as 
representing the mean adult weight of the 2 sexes. It is true that 
these birds all increase very slightly in weight—particularly during 
autumn and winter—aiter 105 days; but by using these fairly ac- 
curate figures we avoid practically all error due to seasonal change, 
since the present weights were obtained from March to August, in- 
clusive. The adult weights, thus defined (and confirmed by the 
weights of numerous adults), are: For Tipplers, 278 gm.; Magpies, 
296 gm.; Homers, 398 gm.; Runts, 565 gm. The largest race 
(Runts) is thus twice the size of the smallest (Tipplers). 

Weights were obtained on the newly hatched young and (on 
some or many of these young) at 3-day intervals thereafter. The 
data thus obtained for the 4 races are presented in the form of 
smoothed curves. Eggs of pigeons are incubated unequally and they 
hatch between the 17th and the 19th day, usually on the 18th day. 
In any event their weight was obtained at hatching and at 3-day 
intervals thereafter, and the age at hatching is uniformly consid- 
ered 18 days; at 3 days after hatching the bird is, by our method of 
reckoning, 21 days old. The weights as given are true weights of 
the body after deducting (when necessary) the weight of the con- 
tents of the crop. 

There are several sources of error in obtaining the true growth- 
curve of any race of pigeons. When there are 2 young in a nest they 
each grow less rapidly than if only one were present. When a squab 
has attained a weight of 100 gm., and remains healthy, it will prob- 
ably attain to four-fifths of its adult weight within the next 7, 15, 
or 25 days—depending normally upon the amount of food it re- 
ceives from its regurgitating parents. An example of this decisive 
influence of extraordinary food conditions was shown by a bird of 
mixed blood whose adult weight is, and was expected to be, about 


6 Kaufman, L., Biol. Generalis, 1927, 3, 105. 
7 Kaufman, L., Mem. Inst. Nat. Polonais a Pulawy, 1929. 
8 Riddle, O., Am. J. Phystol., 1928, 86, 248. 
9 Lienhart, R., C. R. Soc. Biol., 1931, 107, 47, 
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530 gm. Fed as the sole occupant of a nest by extraordinary 
parents this bird weighed 346 gm. on the twelfth day after hatching. 
In view of this great source of variability in animals measured dur- 
ing the 24-day to 50-day stages of growth a large number of weights 
is here of less significance than a much smaller number obtained 
from healthy birds under essentially standard conditions. During 
the collection of these data many of the young taken for measure- 
ment became infected with intestinal Capillaria, or developed other 
disease. We have either discarded such data entirely, or retained 
only such weights as were obviously obtained before the onset of 
disease. It thus happens that we have recorded more weights for 
early growth-stages than for later ones. The data presented include 
1098 individual weights; of these 443 are for Tipplers, 177 for 
Magpies, 336 for Homers, and 142 for Runts. The decrease in 
weights soon following the 50-day stage reflects the fact that the 
young birds were removed from their parents, and assumed wholly 
self-feeding habits, at this period. 

There is one source of apparent error—really involving a peculiar 
or abnormal condition of egg-size in one part of our material— 
that could not be avoided by us. Our stock of Runts was showing 
various ill effects of inbreeding before these studies were started. 
It happens, therefore, that our measurements on the young of this 
race have been limited to valid measurements on only 3 to 6 indi- 
viduals, except for 19 weights of embryos at hatching. But it is 
precisely these weights at hatching that contain unavoidable error, 
since the inbreeding of this race has led to, or has been accompanied 
by, a marked reduction in egg size—and therefore of embryo size 
—during the past few years. Before intensive inbreeding the eggs 
of this race had an average weight (110 eggs) of 22.5 gm.; but 
during the past 2 years, which is the period covered by this study 
this average (170 eggs) has decreased to 19.9 gm. The embryo 
weights at hatching have almost or quite certainly undergone a like 
reduction. Our data show that this handicap (as compared with the 
large Homers) on hatching weight persists at 3 and 6 days after 
hatching; but in all of the following 27 periods the young Runts are 
larger than those of the Homers of corresponding age. This abnor- 
mality of the weights of Runt embryos at hatching, with rapid sub- 
sequent recovery of normal size, well shows therefore that an en- 
vironmental limitation (diminished egg size) during this early 
period of embryonic growth does not prevent.the expression of the 
genetic or other growth factors in post-natal growth. 

At hatching the average weights of the embryos of the 4 races 
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were as follows: Tipplers (19), 11.3 gm.; Magpies (13), 11.5 gm.; 
Homers (16), 14.7 gm.; Runts (19), 14.0 gm. Since the adult 
weights of these races were 278, 296, 398 and 565 gm., respectively, 
it is clear that a part—though only a part—of the racial size differ- 
ence is expressed by the weights at hatching. For the 2 smaller races 
the difference at the 2 periods is slight—this being about 2% at 
hatching and 6% in adults; for Tippler and Homer, we find 30% at 
hatching and 43% in the adults; for Tippler and Runt (abnormal), 
24% at hatching and 103% in adults. For Magpie and Homer these 
values are 28% and 34%; for Magpie and Runt (abnormal embryo 
size), 22% and 91%. For the two large races, Homer and Runt, the 
embryos of the former are actually 5% larger than the (abnormally 
small) embryos of the Runt, though the adult Runts exceed the 
Homers by 42%. Thus, in all cases the racial size difference of 
pigeons is only partially expressed in the size of the embryos at 
hatching. 

A large share of the ultimate size difference in these races is 
attained through differential rate of growth increment after hatch- 
ing and most of this increment occurs during the first 18 days 
after hatching. During this 18-day period (18th to 36th day) the 
average daily percentage increment is 23.3 in Tipplers, 24.6 in Mag- 
pies, 25.7 in Homers, and 27.5 in Runts. These values stand in the 
same relative order as does adult body weight im the 4 races con- 
cerned. Instantaneous relative growth-rates calculated from fitted 
curves (for Tipplers, Homers and Runts) demonstrate the signifi- 
cance of these percentage increments. This differential rate of 
growth in the earliest stages after hatching provides an interesting 
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variation from the conditions described by Robb in the large and 
small races of rabbits otherwise studied by Castle and Gregory. 
There the rate of post-natal growth was identical in the 2 races 
until after puberty; in pigeons the total size difference is attained 


before puberty. This difference, however, is in no way disconsonant , 


with the basic contribution of Castle and Gregory. 

Summary. Data on relative growth-rates have been obtained 
for 2 small and 2 large races of common pigeons from the time 
of hatching to a period, 87 days later, at which their adult body 
weight is practically attained. 

The weights of embryos of these 4 races at hatching demonstrate 
that racial size difference is only partially and very imperfectly 
expressed by size differences attained during embryonic life. A large 
part of racial size difference in pigeons is rapidly attained early in 
the post-hatching period by differential growth-rate, and practically 
all of adult size difference is attained before puberty. 

These are marked variations from the time relations of differen- 
tial growth in the large and small races of rabbits studied by Castle 
and Gregory, but such variations offer nothing adverse to their main 
conclusion. We consider it an open question, to be investigated 
within each species “or group, whether and to what extent endo- 
crine (pituitary) difference influences racial differences of growth- 
rate at a particular developmental stage; but wholly probable that 
such endocrine difference is an effective factor in the growth of 
higher animals at one or another stage. 
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Glycosuria in Rabbits Following Injections of Saline Extract, of 
Anterior Pituitary. 


EMIL J. BAUMANN ann DAVID MARINE. 


From the Laboratory Division, Montefiore Hospital, New York. 


A relation of the anterior pituitary to carbohydrate metabolism 
has often been suspected on the basis of the frequent occurrence of 
hyperglycemia and glycosuria in acromegaly, and of anatomical 
changes in the anterior pituitary in diabetes mellitus, but such a eon- 
nection was not indicated experimentally until Houssay and Biasotti* 


lHoussay, B.-A.,"and Biasotti,‘A., Comp. rend. de la Soc. biol., 1930, 104, 407; 
1930, 105, 121, 
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showed that pancreatic diabetes could be prevented in toads by re- 
moval of the anterior pituitary. Subcutaneous implantation of 
anterior pituitary in such depancreatized toads re-established the 
diabetes. They were unable to show a similar relation in mammals 
either by gland implantation or by injections of anterior pituitary 
extracts, although depancreatized and hypophysectomized dogs sur- 
vived longer and showed milder diabetes than did depancreatized 
controls’. Evans, Meyer, Simpson, and Reichert* reported observa- 
tions in which they produced glycosuria and polyuria in 2 of 4 dogs 
by daily injections of the growth hormone fraction of anterior pitu- 
itary extracts for 8 or 9 months. 

We have made somewhat similar observations in rabbits. Hyper- 
glycemia, polyuria, glycosuria, and lipemia developed after injecting 
a saline extract of ox pituitary daily for 6 or more days, in some 
instances of surprisingly great intensity. It occurred in each of 
the 4 rabbits used, though varying in degree. 

The extract was prepared twice weekly from fresh chilled glands, 
according to the method of Schockaert* except for the measures 
used in sterilization. It produced typical reactions among which 
were rapid hypertrophy of the mammary glands with lactation, 
luteinization of the ovaries, hypertrophy of the thyroid and supra- 
renal cortex. 

The rabbits were kept on our stock diet of alfalfa hay and oats. 
Two were injected with 2 cc. and 2 with 4 cc. daily, equivalent to 
one-half and one anterior pituitary respectively. The data are sum- 
marized in the following table: 


Collection 2 cc. ext. daily 4 cc. ext. daily 
Period R 1039 R 1073 R 1041 R 1097 
Glu- Amt.per Glu- Amt.per Glu- Amt.per Glu- Amt. per 
cose day cose day cose day cose day 
days % gm. % gm. % gm. % gm. 
6-7 5.0 8.1 0.5 0.4 0.4 0.5 0.4 0.4 
8 ia 10.2 0.6 0.6 6.9 16.7 0.6 0.7 
9-10 43 6.6 1.6 11 10.4 15.7 14 1.4 
11 5.3 10.2 1.0 1,1 14.5 34.9 3.9 5.8 
12-13 5.1 8.3 3, Lee 9.0 18.6 5.6 7.6 
14-15 0.4 0.7 0.6 0.5 9.1 15.7 12 13 
16-17* trace? trace? Sz 7.8 0.4 0.4 
18-19 neg. neg. neg. neg. 


*Last injection on 17th day. 


2 Houssay, B.-A., and Biasotti, A., Pfliiger’s Arch., 1931, 227, 664. 

3 Evans, H. M., Meyer, K., Simpson, M. E., and Reichert, F. L., Proc. Soc. 
Exp. Bion. AND Mep., 1931, 29, 857. 

4 Schockaert, J. A., Anat. Record, 1931, 50, 381. 
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Analyses were made on the urine in the collection bottles com- 
bined with the washings from the metabolism cages. The values in 
the table are not strictly 24 hour ones, but the total amount for the 
entire period is complete. Periods of one or 2 days were used as 


indicated; the amount excreted is calculated per day. The percent ' 


of sugar is lower than that of the urine as excreted due to dilution 
of the urine with cage washings. In one of the rabbits there was a 
very high percentage of sugar in the urine, as secreted, amounting 
to 18% on the 11th day. 

The exact date of the onset of glycosuria unfortunately is not 
known. We did not suspect the presence of sugar in the urine until 
the sixth day when our attention was drawn to the large volume of 
urine excreted and the intense heat generated on the addition of 
chromic acid. In rabbit 1039 glycosuria was marked on this day, 
while in the other rabbits there was only 0.4-0.5% of sugar in the 
urine. In these 3 it is probable that glycosuria did not appear before 
the fifth day, while in rabbit 1039 the onset may have occurred on 
the third day. The intensity of the glycosuria was somewhat inde- 
pendent of the amount of extract injected, probably due to varia- 
tions in susceptibility. 

After 11 daily injections the morning blood sugar levels on 
rabbits 1039, 1041, 1073, and 1097 were 475, 348, 240, and 122 
mg.% respectively (by the method of Folin’). The sera of these 
bloods were very milky. Ten days after the last injection the blood 
sugars of 1073 and 1097 were 92 and 93 mg.% respectively and the 
sera were clear. In this connection it should be remembered that 
the blood lipids of rabbits are quite low. 

Since saline extracts are unstable they may have deteriorated 
during the 4 days they were kept. The extract used for the injec- 
tions on the 14-17th days may have been inactive because the gly- 
cosuria decreased beginning on the 14th day. The possibility that 
the animals became resistant to the effects of pituitary extract 
must be considered. Injections were discontinued on the 17th day; 
2 or 3 days after injections were stopped, glycosuria disappeared 
completely. 

That the reducing substance in the urine was glucose was shown 
by making the phenylosazone. Its crystalline form and melting 
point corresponded to that of glucososazone. Clarified urine was 
strongly dextrorotatory. 

Infection was not a factor in these findings, 

In spite of large losses of sugar in 2 instances (50 gm. and 120 


“8 Folin, O., J. Biol. Chem., 1929, 82, 83. 
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gm. in 6 days), there were no significant changes in body weight. 
The pH of the urine varied between 8.5 and 9.5, usual for rabbits 
on our stock diet. 

We have also tested in 4 rabbits the effect of “phyone’} which 
according to Van Dyke® contains the pituitary growth hormone. 
Rabbit 1060, male, after injections of 1 cc. of phyone for 3 days 
had 0.5% sugar in its urine. The daily injections were continued 
and on the 4th day 5.6 gm. of sugar was excreted and on the 5th 
and 6th days 8.9 and 10.4 gm. respectively. Injections were stopped 
and the sugar output dropped to 4.8 gm., then to 2.6 gm., and 3 
days after cessation of phyone administration no sugar was excreted. 
Five days later the blood sugar was 106 mg.%. Rabbit 1068 after 
injections of 1 cc. for § days and 2 cc. for 10 days showed no gly- 
cosuria. After the last injection the morning blood sugar was 
100 mg.%. Rabbit 1063 had a trace of sugar in its urine after a 
single injection of 1 cc. of phyone but this did not increase although 
it received 10 cc. during the next 8 days. The blood sugar was 129 
mg.%. Rabbit 1071 received 11 cc. of phyone during a period of 8 
days. On 2 occasions a questionable test for sugar was obtained in 
the urine and on the last day its morning blood sugar was 121 mg.%. 

Our results with phyone are similar to those of Evans, Meyer, 
Simpson and Reichert in that only one of the four rabbits developed 
a severe glycosuria. Since a much more regular and definite response 
was obtained with saline extracts, one is led to infer either that a 
material loss in activity must have occurred in the preparation of 
the growth hormone fraction (equivalent amounts in terms of 
anterior pituitary of both phyone and saline extract were used), or 
that the hyperglycemia and glycosuria are caused by something dis- 
- tinct from the growth hormone. 

Respiratory quotients have been determined in 2 rabbits rendered 
hyperglycemic and glycosuric by the Schockaert saline emulsion 
but the results so far are doubtful and quotients varying between 78 
and 85 have been obtained, indicating that the animals were utilizing 
sugar. 


{Kindly supplied to us by Wilson and Co. through the courtesy of Dr. David 
Klein. 

®Van Dyke, H. B., and Wallen-Lawrence, Z., J. Pharm. and Exp. Therap., 
1930, 40, 413. 
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Uterine Bleeding of the Interval Type in Macacus Monkey During 
Injections of Extracts of Pregnancy Urine. * 


HK. T. ENGLE 


From the Department of Anatomy, College of Physicians and Surgeons, Columbia 
University. 


Uterine bleeding in the spayed or immature macacus monkey is 
known to occur from an interval type endometrium about 6 days 
after cessation of an adequate treatment with oestrin (Theelin, 
Allen’, Maddux*;) (Amniotin, Morrell et al.*). These observations 
have been repeatedly confirmed in this laboratory. Uterine bleeding 
in the adult also occurs after bilateral ovariectomy (Allen; Van 
Wagenen and Aberle*) or occasionally after unilateral ovariectomy 
(VanWagenen and Aberle). (Uterine bleeding indicates a hemor- 
rhage of uterine origin macroscopically visible on the external geni- 
talia of the monkey, but which may not be homologous with 
menstruation). Saiki’? has shown that uterine bleeding may be 
induced in immature macaques 4 to 9 days after the cessation of 
8-17 days treatment with an extract of anterior lobe (P. D. & Co.). 
Our work confirms these results. However, if water soluble extract 
of pregnancy urine or the “luteinizing hormone” (P. D. & Co.) be 
administered in adequate doses for from 19 to 22 days, in 2.8 to 
4 kg. animals, bleeding occurs during the course of treatment. If 
the injections are continued, bleeding stops in 4 to 6 days, after an 
apparently normal flow. 

Injections of extracts of pregnancy urine have failed to cause 
reddening of the sexual skin, or induce the turgose, pachydermatous 
condition of the circumgenital and anal area which is obtained by 
injections of oestrin or is seen after ovarian stimulation by means 
of water soluble fraction of pyridine extract (Hisaw, Fevold and 
Leonard). No follicular cysts, nor any determinable growth of 
the ovarian follicle occurs after such injections. Modification of 


*Aided by a grant from the National Research Council, Committee for Reseatch 
in Problems of Sex. 

Allen, E., Cont. to Embryol., Carnegie Inst., 1927, 19. 

? Maddux, W. P., Proc. Soc. Exp. Brox. anp Mep., 1930, 27, 873. 

3 Morell, J. A., et al., Endocrinol., 1930, 14, 174. 

4VanWagenen, G., and Aberle, S. B. D., Am. J. Physiol., 99, 271. 

Saiki, S., Am. J. Physiol., 100, 8, 

6 Hisaw, F. L., Fevold, H. L., and Leonard, S. L., Proc. Soc, Expr. Brov. and 
Mep., 1931, 29, 204. 
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the structure of large atretic follicles may be obtained after con- 
tinued intravenous injection of pregnancy urine, but no structures 
which are clearly corpora lutea have as yet been obtained with this 
substance, although luteinization in the rat is a pronounced result 
after prolonged subcutaneous intraperitoneal or intravascular injec- 
tions. 

In the female monkey the only well recognized phenomena which 
occurs after treatment of normal intact animals with pregnancy 
urine extracts is this uterine bleeding. The ovaries, although they 
show no morphological change as yet recognizable, are essential in 
this mechanism for bleeding, as no results were obtained in an 
ovariectomized animal even after 30 days of treatment. In no case 
has the endometrium shown the degree of development which is 
obtained by means of oestrin, or after stimulation with the water 
soluble pyridine extract of anterior pituitary. Bleeding in every 
case studied has occurred from an interval type endometrium, with 
poor glandular development and with relatively little tissue destruc- 
tion. 
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Prevention of Experimental Uterine Bleeding in Macacus Monkey 
by Corpus Luteum Extract (Progestin) .* 


P. E. SMITH anv E, T. ENGLE, 


From the Department of Anatomy, College of Physicians and Surgeons, Columbia 
Uniwersity. 


Since uterine bleeding was shown to follow cessation of follicular 
treatment, the many observations on experimental menstruation in 
the monkey have not given adequate consideration to the role of the 
corpus luteum. Experiments were designed to study this question. 
Adult or subadult animals, all beyond the first menstruation (3700 
to 5150 gm. B.W.) were injected with the follicle stimulating water 
soluble fraction of sheep pituitaries (Pyridine method of Fevold, 
Hisaw and Leonard) for 10 to 14 days. Coincident with the last 
4 of these injections oestrin (Theelin) was also given in large doses 
(100 R.U. per diem)**. The uterus at the end of the treatment 


*Aided by a grant from the National Research Council, Committee for Research 
in Problems of Sex. 

**The Theelin and dried sheep pituitary glands were kindly supplied by Parke 
Davis & Co., through the courtesy of Dr. 0. P. Kamm. 
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was large, firm and of a deep red color. It’is known that the animal 
will bleed within 6 days of the cessation of this treatment. Bilateral 
ovariectomy was also performed, which alone will be followed by 
uterine bleeding. On this day of ovariectomy, treatment was begun 
with Progestin (method of Corner and Allen), giving generally 70 
gm. equivalent of fresh sow corpora daily***. Bleeding has never 
occurred during the course of treatment with progestin, and has 
been prevented, in various animals for from 10 to 28 days after the 
double stimulus to bleeding afforded by bilateral ovariectomy and 
cessation of oestrin treatment. The preparation has one R.U. of 
oestrin per 19 gm. equivalent which is quite inadequate to prevent 
uterine bleeding. 

A typical animal (My8o, wt. 4.4 K.) was given 15 days of 
aqueous solution of anterior pituitary (dry gland equivalent of 17 
gm.). During the last 4 days of this period too R.U. oestrin 
(Theelin, P. D. & Co.) was administered daily. On operation the 
ovaries were large (1.172 gm.) and contained numerous cystic 
follicles, no corpora. Both ovaries were removed. The uterus was 
firm and measured 18 x 14.7 mm. Progestin (70 gm. fresh gland 
equivalent daily) was continued for 28 days. Bleeding began on 
the sixth day following the last injection of progestin. 

A typical progestational endometrium is obtained by the roth day 
of treatment, similar to that previously obtained by Hisaw, Meyer, 
and Fevold’. The bleeding which follows the breakdown of the 
progestational endometrium is more profuse and of a different 
quality than interval type bleeding. 

In the monkey and human, uterine bleeding occurs in the absence 
of ovulation and of corpora lutea. The impression obtained over an 
extended period of observation with experimental induction of 
uterine bleeding following cessation of injections of oestrin (theelin, 
amniotin) and a luteinizing preparation of the anterior pituitary 
(P. D. & Co.) or during the course of injections of pregnancy urine 
extract, is that the type and quality of bleeding is not the same as 
after cessation of progestin treatment. Description of the tissues 
and of blood extravasation from the endometrium will be published 
later. Provisionally, we are applying the term menstrual bleeding 
only to that type of uterine hemorrhage which follows the degen- 
eration and sloughing of a prepared progestational endometrium. 


***The fresh corpora lutea were supplied by the Wilson Laboratories, through 
the courtesy of Dr. David Klein. 

1 Hisaw, F. L., Meyer, K. K., and Fevold, H. L., Proc. Soc. Exp. Brov. ann 
Mep., 1930, 27, 400. 
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Uterine bleeding from the interval endometrium with proportion- 
ately less tissue loss, and the passing of red cells through the epi- 
thelium by diapedesis may not be a homologous process. 
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The Question of Synthesis of the Antirachitic Vitamin by the Cod. 


ALFRED F. HESS, CHARLES E. BILLS, MILDRED WEINSTOCK anv 
MIRIAM IMBODEN. 


From the Department of Pathology, College of Physicians and Surgeons, Columbia 
University, and The Research Laboratory, Mead Johnson § Co., Evansville, Ind. 


Ever since the recognition of the antirachitic factor, the question 
has been raised as to whether cod fish synthesize this factor or 
whether the marked potency of their liver oil is due to antirachitic 
vitamin taken in with the food. Investigations have been few and 
inconclusive. Wejdling’* has drawn attention to the fact that diatoms, 
which may form a part of the diet of the cod, contain the anti- 
rachitic vitamin. On the other hand, Bills’ has demonstrated that 
caplin, which are consumed in enormous quantity by the Newfound- 
land cod, are not rich in the D factor, and suggested that some of 
the vitamin may be formed by synthesis within the fish. 

Some years ago we carried out experiments designed to ascertain 
whether the livers of cod fish which were fed large amounts of 
non-activated ergosterol by mouth contained exceptional amounts of 
the antirachitic factor. Cod fish were given, by means of a pipette, 
5 feedings of 10 mg. each of ergosterol suspended in cottonseed oil. 
The fish were kept in tanks in New York Bay and feedings were 
given at 2-day intervals, the last one being given about 36 hours 
before the fish were killed. The result may be summarized by the 
statement that the livers of the fish which received the ergosterol 
were found, on biological assay, to contain the antirachitic vitamin 
in no,greater amount than the control fish which were kept under 
similar conditions, but which had not been given ergosterol. Two 
series of experiments were carried out with the same result. 

Last December this subject was approached from a somewhat 
different point of view. Instead of giving ergosterol by mouth, it 
was injected intramuscularly. Three injections were given of 1 mg. 
dissolved in 5 cc. of corn oil; there was an interval of 2 days be- 


1 Wejdling, K., Acta paed., 1928, 7, Suppl. II, 259. 
? Bills, C. E., J. Biol. Chem., 1927, 72, 751. 
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tween each injection and 2 days elapsed before killing the fish. In 
March of this year a second experiment of this kind was carried 
out, as it was thought that it would be of advantage to make tests 
at 2 different seasons of the year for the oil in the liver of the cod 
undergoes marked seasonal variations. These 2 tests comprised 14 
fish, 6 of which were injected and 8 served as controls. The first 
lot varied in weight from 4 to 41%4 pounds and the later series from 
2% to 9% pounds. The group contained about an equal number 
of male and female fish. Among the females in the March group, 
some were found to have spawned and some contained new roe. 
The males were spent. 

These experiments gave no indication that the cod is able to 
activate ergosterol, in other words to elaborate antirachitic vitamin 
from ordinary ergosterol. The potency of the livers, in the group 
which was inoculated, ranged between 90 and 280 international 
units and in the non-inoculated group between 90 and 250 units. It 
may be added that the average cod liver oil used for therapeutic 
purposes contains about 8o international units per gm. These ex- 
periments furnish no evidence that ergosterol, whether given by 
mouth or intramuscularly, is utilized by the cod in the elaboration of 
vitamin D, but do not preclude the ability of these fish to synthesize 
this vitamin under different conditions. 
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Effect of Methylene Blue on CN and CO Poisoning. * 


M. M. BROOKS. 
From the Department of Zoology, University of California. 


According to Warburg,” **, both KCN and CO inhibit aerobic 
respiration but not glycolysis. When aerobic respiration is inhibited, 
it becomes possible to show that certain redox indicators, such as 
methylene blue, accelerate aerobic Suey as indicated by in- 
creased oxygen consumption® °. 


*Aided by grants from the Cancer Fund established at the University of Cali- 
fornia Medical School by a friend. 

1 Warburg, O., Z. physiol. Chem., 1910, 66, 305. 

2 Warburg, O., Biochem. Z., 1926, 177, 471. 

° Warburg, O., Biochem. Z., 1923, 142, 518. 

4 Barron, E. S. G., J. Biol. Chem., 1929, 81, 445. 

5 Barron, E. S. G., and Harrop, G. A., J. Biol. Chem., 1928, 79, 65. 
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It was thought that increase in oxygen consumption thus pro- 
duced by redox indicators might be used to combat the effects of 
HCN or CO on mammals. Previous workers have confined their 
attention to the effects of methylene blue used in conjunction with 
cyanide. Among other things it was found empirically that 
methylene blue favored the recovery of animals poisoned by 
cyanide® “. Since CO has long been known to resemble CN in its 
effects on respiration it was thought of interest to see whether 
methylene blue also favored recovery in animals subjected to CO. 

Experiments were carried out using rats which were placed one 
at a time in a chamber containing HCN gas or CO (about 1%). 
The time to unconsciousness was noted. As soon as an animal became 
unconscious it was removed from the chamber and given an intra- 
peritoneal injection of methylene blue. The time required for 
recovery was determined using as a criterion of recovery the ability 
to run straight forward. Eighty rats were used; 40 controls and 
40 dye-treated. 

It was found that the use of methylene blue shortened the time 
required for recovery from HCN poisoning to about %, and that 
from CO to about % of that for untreated animals. 

These results suggest that there is an activation of oxygen by 
methylene blue which manifests itself when aerobic oxidation is 
interfered with. 

It is suggested that methylene blue injections could be used ad- 
vantageously in cases of HCN or CO poisoning. 
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Utilization and Excretion of the Female Sex Hormone. 


ROBERT T. FRANK, MORRIS A. GOLDBERGER anp FRANK SPIELMAN. 


From the Gynecological Service and the Laboratories, Mount Sinai Hospital, 
New York City. 


Of importance are answers to the question of (1) what happens 
to the female sex hormone after injection, (2) how is it excreted, 
(3) can the excretion be stimulated? 

1. What happens to the female sex hormone after injection? 
Half hourly blood samples taken from isolated adult rabbits in 


®Sahlin, Bo, Skand. Arch. Physiol., 1926, 47, 284. 
"Eddy, N. B., J. Pharm. and Exp. Ther., 1931, 41, 449. 
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whom 2000 M. U. of female sex hormone had been injected intra- 
venously in one dose, showed that only 1 M. U. could be recovered 
from 4 cc. of serum during the first hour, and none thereafter. Af- 
ter subcutaneous injection, 5 cc. showed this reaction during the 
first hour. Twenty-four hours later the blood of a rabbit injected 
with 3000 M. U. and killed 24 hours later by bleeding, showed less — 
than 1 M. U. in 40 cc. of blood, one-half of the total blood volume. 
From another rabbit given 3000 M. U. and killed 24 hours later, 
extracts made from the total skeletal musculature, the lungs, brain 
and liver were assayed. With the exception of the liver, the total 
extract of the organ proved negative. The extract corresponding 
to one-half the total liver contained but 1 M. U. 

This series of experiments shows that large amounts of female 
sex hormone given intravenously or subcutaneously in the rabbit, 
rapidly disappear from the circulation and cannot be recovered from 
the internal organs 24 hours after injection. These results do not 
show whether the hormone is destroyed or so changed within the 
body fluids or tissues as to be no longer demonstrable by the Allen 
and Doisy reaction. 

2. How is the female sex hormone excreted? Allen’ found 
that female sex hormone was excreted almost quantitatively when 
injected into monkeys. We injected 2 African green monkeys, a 
male and female, each with 1500 M. U. of the hormone subcutan- 
eously. .Careful titer of the total urine for the next succeeding 2 
days showed an excretion of approximately one-fifth of the amount 
of hormone injected. 

An assay of the total amount of female sex hormone excreted 
in the urine of a normal fertile, normally menstruating woman, over 
one period was compared with the succeeding month during which 
time the individual received 5000 M. U. subcutaneously on the 9th, 
15th and 26th day of the cycle. The differences in excretion of the 
entire amount during the month, as well as a comparison of the day 
before, during and after the injection, showed no appreciable 
changes. 

Based on the observation of a large number of normal women, 
it is noted that although the blood samples during the first 3 weeks 
of the cycle show no variation, an increased excretion of female 
sex hormone in the urine occurs between the 9th and 11th day and 
again from the 24th to the 28th day. This might be interpreted 
as a short transitory flooding of the circulation with large quanti- 
ties of female sex hormone suddenly elaborated by the follicle and 


1 Allen, E., personal communication. 


7 
\ 


DIGITALIS AND CIRCULATORY FAILURE 1231 


corpus luteum. No evidence of this change in the blood has been 
found in a study of some 2000 patients. Another explanation is a 
possible variability in kidney permeability at different periods of 
the cycle. Such evidence as we have collected in substantiation of 
this hypothesis has been published previously.” 

3. Can the kidney permeability be influenced or excretion stim- 
ulated? The experiments of Smith and Smith® lead them to believe 
that progestin stimulates the excretion of the female sex hormone. 

Repetition of their experiments, using Antuitrin (Parke, Davis 
& Co.) as well as progestin supplied through the kindness of Dr. 
George Van S. Smith, gave negative results. j 

In our series, both the urine and feces were extracted and titered. 
Two normal isolated rabbits and one spayed female were used for 
the Antuitrin experiments, 900 M. U. of female sex hormone being 
injected. Two castrated adult females were used in the progestin 
experiments, the dose of female sex hormone being 1800 M. U. 
These experiments failed to confirm the results obtained by Smith 
and Smith. These results might indicate a rapid destruction or 
fixation of the female sex hormone in some non-assayable form 
but other interpretations cannot be excluded. 
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Effect of Digitalis and Rest on Pulmonary and Peripheral Circula- 
tion in Patients with Circulatory Failure Caused by 
Heart Disease. 


GEORGE P. ROBB anp SOMA WEISS. 


From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard) of the Boston City Hospital, and the Department of Medicine, 
Harvard Medical School. 


This study was undertaken to shed further light on the mechan- 
ism of circulatory failure caused by heart disease and on the circu- 
latory changes that follow administration of large therapeutic doses 
of digitalis, and rest. Weiss and Ellis* observed the effect of digi- 
talis on the volume and velocity of blood flow and other aspects of 
the circulation after repeated control observations in patients with 


2 Frank, R. T., and Goldberger, M. A., Proc. 2nd Int. Cong. for Sex Res., 1930, 
378. 

3 Smith, G. Van S., and Smith, 0. W., Am. J. Physiol., 1931, 98, 578. 

1 Weiss, Soma, and Hillis, L. B., J. Clin. Invest., 1930, 8, 435. 
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rheumatic heart disease and with compensated circulation at rest. 
In this study such repeated control observations on the aspects of 
the circulation measured, because of the clinical condition of the 
patients and of the methods used, were not feasible. A definite 
separation of the changes due to digitalis effect and rest between 
determinations, therefore, cannot be made, but the arrangement of 
the observations was similar to those used in the treatment of car- 
diac patients. To ascertain a possible correlation between the pul- 
monary circulation and ventilatory function, in some of the cases 
measurements of different components of the lung volume were 
also performed simultaneously with the circulatory observations. 
The following aspects of the circulation were studied simultaneous- 
ly before and after digitalis: (1) electrocardiogram; (2) the degree 
of orthopnea; (3) arteri#l blood pressure; (4) venous pressure 
with the method of Moritz and Tabora’; (5) cardiac minute volume 
output with the method of Moore, Kinsman, Hamilton, and Spur- 
ling’; (6) the peripheral and pulmonary velocity of the blood flow 
according to the method of Weiss and Robb*; (7) blood volume 
according to the method of Keith, Rowntree and Geraghty’; (8) 
lung volume with the method of Van Slyke and Binger®; (9) oxy- 
gen and carbon dioxide content of the blood samples obtained from 
the femoral artery and vein. 

The patients were given powder of digitalis corresponding to 
2 gr. or more per 10 Ib. of body weight within 24 hours. A main- 
tenance dose of 2 to 3 gr. was given daily thereafter. All 12 pa- 
tients exhibited clinical evidence of circulatory failure at rest, 
but according to certain clinical manifestations and laboratory find- 
ings they were divided in 3 groups. 

Group A comprised 4 patients with dyspnea and orthopnea and 
regular cardiac rhythm. As judged from the normal peripheral 
venous blood flow and the normal venous pressure, the normal oxy- 
gen difference between the femoral artery and vein and the ab- 
sence of peripheral edema or enlargement of the liver, no obvious 
congestion or circulatory disturbance existed in the peripheral cir~ 
culation. The dyspnea, orthopnea, rales over the bases of the lungs 
prolonged mean pulmonary velocity of the blood flow, low vital 

2 Moritz, F., and Tabora, D. V., Deutsch. Arch. f. klin. Med., 1910, 98, 475. 

3 Moore, J. W., Kinsman, J. M., Hamilton, W. F., and Spurling, R. G., Am. 
J. Physiol., 1929, 89, 331. 

4 Weiss, Soma, and Robb, G. P., unpublished study. 


5 Keith, N. M., Rowntree, W. G., and Geraghty, G. T., Arch. Int. Med., 1915, 
16, 547. 


® Van Slyke, D. D., and Binger, €. C., J. Exp. Med., 1928, $7, 457. 
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capacity, decreased ratio between the vital capacity and the residual 
air space of the lungs, indicate a disturbance of the pulmonary circu- 
lation as well as of the physiological state of the alveolar function. 

Group B comprised 4 cases with regular cardiac rhythm, which, 
however, from the clinical observations and the above-mentioned 
measurements in addition to the pulmonary congestion, exhibited 
also congestion of the peripheral circulation. 

Group C included 4 cases with auricular fibrillation, who similarly 
to the cases of Group B in addition to pulmonary congestion, also 
showed congestion of the periphery. 

Conclusions. (1) The pulmonary circulation in certain types of 
heart disease and in certain stages of circulatory failure may show se- 
vere disturbance with a simultaneous normal state of the peripheral 
circulation. (2) Orthopnea and dyspnea may be present with con- 
gestive disturbances of the pulmonary circulation alone and with 
normal peripheral venous pressure. (3) Auricular fibrillation with 
the same degree of increased venous pressure had a tendency to be 
associated with lower cardiac output than heart disease with regu- 
lar rhythm. (4) Digitalis and rest may improve patients with 
orthopnea and pulmonary congestion without necessarily changing 
the cardiac output. In such cases it has been observed that the mean 
pulmonary velocity of blood flow increased even if the maxi- 
mal velocity was unaltered. Notwithstanding the lack of 
essential change in cardiac output, the distribution curve of the dye 
in the pulmonary circuit assumed a steeper, narrower, and more 
symmetrical character, indicating a more normal pressure relation 
in the pulmonary circuit even in the presence of unaltered cardiac 
output. (5) In the group of patients with auricular fibrillation with 
low cardiac output, the increase in the volume and velocity of -blood 
flow following digitalis and rest was particularly prominent. (6) 
Simultaneously with the improvement of the mean velocity of the 
blood flow in the pulmonary circulation, there is a decrease in the 
residual air and an increase in the vital capacity, indicating a de- 
pendence of the proper function of the pulmonary alveoli on the 
state of the pulmonary circulation. (7) These observations are in 
accord with the concept of the mechanism of circulatory failure ex- 
pressed in a previous communication." 


7 Weiss, Soma, Ann. Int. Med., 1931, 5, 100. 


1234 PROCEEDINGS 


6298 
Effect of Potassium Chloride on Rate of Penetration of Dyes. 


MARIAN IRWIN. 


From the Laboratories of The Rockefeller Institute for Medical Research. 


A previous paper’ has shown that KCI decreases the rate of pene- 
tration of dyes into the sap of Nutella. (1) The results with a cell 
model, consisting of a non-aqueous substance placed between cresyl 
blue solution and the artificial sap, show that when chloroform is 
used the rate is not decreased when 0.1 M KC is added to the sap, 
but when aniline is employed it is decreased somewhat. (2) The 
same difference is observed when chloroform and aniline are shaken 
with 0.1 M KCl and then placed between the 2 aqueous phases when 
the sap contains no KCl. (3) When o-anisidine in chloroform is 
employed as the membrane, cresyl blue can be made to penetrate into 
the sap rapidly whether the sap contains KCl or not, provided the 
external pH value is considerably higher than the internal, but KCl 
has some inhibitory effect. An acid dye like phenol red is capable 
of penetrating the sap rapidly whether the sap contains KCl or not. 

In dealing with the rate of penetration of substances into the sap 
in the model it is essential to consider several properties of the con- 
stituents of the non-aqueous layer such as chemical constitution, 
acid or basic character, dissociation constant, and solubility in water. 
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Importance of the Internal Phase Boundary in Penetration of 
Dye into the Vacuole. 


MARIAN IRWIN. 
Frem the Laboratories of The Rockefeller Institute for Medical Research. 


A cell model’ was used consisting of chloroform placed between 
the dye solution and the artificial sap. Ro =the rate of penetration 
of dye from the dye solution into the chloroform, and Rs = the rate 
of penetration of dye from the chloroform into the sap. These are 
obtained by determining the concentrations of dye in the aqueous 


phases during one hour. The absorption coefficients of the dye are 


1 Irwin, M., Proc. Soc. Exp. Brot, AND MED., 1926, 24, 54. 
1 For description see Irwin, M., Proc. Soc. Exp. Brov. AND Mup., 1928, 26, 135. 
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determined by shaking chloroform with the aqueous solutions. 
These are C. = conc. of dye in the chloroform/conc. of dye in the 
dye solution, and Cs = conc. of dye in the chloroform/conc. of dye 
in the sap. 

(1) The absorption coefficients of crystal violet do not differ 
very much between pH 5.5 and pH 9, and the rate of penetration of 
dye into the sap does not vary to any extent in this range. This is 
because the dye exists chiefly in one form. 

(2) The absorption coefficient of methyl violet varies roughly 
from 4 at pH 5.5 to 20 at pH. 9. This is due to the fact that methyl 
violet is a mixture. (a@)When C.=C.,=4 the rates Ro and Rs 
are comparatively rapid. (b) When C. = 20 and Cs = 4 there is an 
increase in Rp and Rs, but this is very small compared to the increase 
in Co. (c) When C,= 4 and Cs = 20, the change in R. may be 
considered negligible while the decrease in Rs is roughly propor- 
tional to the increase in Cs as compared to the results in (a). (d) 
When C. = Cs = 20, R» is slightly higher than in (a), but the in- 
crease is very small in comparison with that in Co, while the de- 
crease in Rs is roughly proportional to the increase in Cs. 

(3) The absorption coefficient of methyl violet increases ap- 
proximately from 4 to 371 when 0.1 M KCI is added to the dye 
solution at pH 5.5. The rate of penetration of dye into the sap is 
greatly reduced when the sap contains 0.1 M KCl, but the presence 
of the same amount of the salt in the dye solution does not affect the 
rate to the same extent. The rate of penetration of dye into the 
chloroform from the dye solution is not appreciably affected by the 
presence of salt in the dye solution or in the sap. These results con- 
firm those on crystal violet.’ 

In the cell model the rate of penetration of dye into the sap ap- 
pears to be influenced more by the alteration in the absorption coeff- 
cient at the internal phase boundary than at the external phase 
boundary. 

In these experiments, volume relations, thickness of the chloro- 
form layer, distance between the phase boundaries, and rate of 
stirring play important parts. The fact that Ro is not greatly af- 
fected by the alteration in C. may be partly due to the volume rela- 
tions. Experiments are in progress to determine this point. 


2 Irwin, M., Proc. Soc. Exp. Bion. AND MED., 1932, 29, 993. 
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Immunity Phenomena in Transmissible Leucosis of Fowls.* 


J. FURTH. 


From the Henry Phipps Institute, University of Pennsylvania, 


The discoverer of transmissible leucosis, Ellermann, thought that 
there is no immunity to leucosis because fowls resisting one inocu- 
lation may succumb to reinoculation. More recent knowledge gained 
on immunity against Rous tumors (Rous, Mottram, Andrewes, 
Mueller, etc.) necessitates a revision of this conclusion. 


Active immumity. Cell-free virus and leucemic cells must be con- 
sidered separately, because leucemic cells behave like neoplastic cells 
and specific immunity is not known to develop in tumor-bearing ani- 
mals. Furthermore the virus itself may be protected from immune 
bodies by association with cells. Accordingly 8 possibilities were 
tested with the following results : 


TABLE I. 

Material first Material No. No. No. 
injected ; Result reinjected fowls transmissi- lymphoid 
injected ble leucosis leucosis 

Cell-free Negative Cell-free 16 6 a 

TEsoete Leucosis, recovery ete: 4 0 0 

YS ae i Negative Cell-containing 8 4 1 

a Rey Leucosis, recovery a if 3 0 

Cell-containing Negative Cell-free 3 0 0 

ay, es Leucosis, recovery ASO 4 0 1 

ao, 2 Negative Cell-containing 4 0 1 

*e a Leucosis, recovery a4 4h 10 1t 0 


+ Suceumbed to leucosis after 6 reinjections with whole leucemic blood. 


The fowls resistant both:to cell-free virus and leucemic cells are 
those that were previously injected with material containing live 
leucemic cells. Their resistance may in part be due to antibodies 
against the free virus; antibodies active against leucemic cells have 
however thus far not been demonstrated. Resistance to reinjection 
with cells if not caused by acquired immunity, may be either an 
inherited character becoming manifest through elimination of sus- 
ceptible fowls by the first injection, or a non-specific resistance- 
increase due to the first injection, or to other conditions, such as 
advancing age. 

The reinjections were made with 0.5 to 1 cc. of leucemic blood 


* This investigation has been supported by a Fund for the Study of Leucemia 
and Related Diseases. Mr. Charles Breedis assisted in the work. 
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or plasma, estimated to contain 10,000 to 1,000,000 infective doses. 
It is possible that smaller amounts may reveal some immunity in 
groups 1, 3, 4. Among the 56 fowls tested, 4 had lymphoid leuco- 
sis (as compared to 14 with transmissible leucosis). They were 
grouped as negative, because according to previous investigations 
lymphoid leucosis is not caused by the agent of transmissible leu- 
cosis. 


Passive immumty. When leucemic plasma of fowls was mixed 
with the serum of presumably immune fowls and injected within 
about 20 minutes, a mild but distinct protection was observed. Of 
the 27 fowls thus inoculated 26% developed leucosis as compared 
with 40% of the 15 fowls given a similar mixture containing nor- 
mal instead of immune serum. Protection was complete against at 
least 1000 M.L.D. when mixtures of virus and immune serum were 
incubated at 37.5°C. for one hour, as shown in the following ex- 
periment. 

Of 4 fowls given 2.5 cc. of a mixture of 3 cc. normal serum plus 
0.5 cc. leucemic plasma, 3 developed leucosis after 21 days. Of 4 
fowls receiving 2.5 cc. of the same normal serum plus 0.0005 cc. 
of leucemic plasma 3 developed leucosis, but after 40 days. All of 
8 fowls receiving similar mixtures containing immune instead of 
normal serum remained free from leucosis. The immune serum 
was obtained from fowls resisting several inoculations of whole 
leucemic blood. 

Protection against material containing leucemic cells on the con- 
trary thus far has not been demonstrated. In 5 experiments in- 
volving 23 fowls inoculated with a mixture of immune serum plus 
leucemic cells, 61% of the former group developed leucosis, and 
53% of the latter. 

Failure to produce virus-free leucosis in the fowl. The experi- 
ments described indicate that fowls develop antibodies against the 
cell-free virus. The possibility suggests itself that virus-free leu- 
cosis might be produced by introducing leucemic cells, which are 
apparently neoplastic, into fowls immune to the virus. 

With this in view a fowl found resistant to the free virus was in- 
jected with leucemic cells. As soon as its blood indicated incipient leu- 
cosis plasma and cells were injected each into 3 chickens. One of each 
group developed leucosis. Two months later, when the disease was 
advanced, this test was repeated in 8 fowls, half of which were 
injected with plasma, half with cells; all developed leucosis. 

This experiment suggests that the filterable agent when in asso- 
ciation with cells is protected against antibodies and that during 
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cell-division it is handed over to the daughter cells unharmed by 
viricidal bodies. A repetition of the last experiment awaits fowls 
highly immune to the virus, but susceptible to leucemic cells. 


6301 


Readily Acid-~Hydrolysable Phosphorus of the Blood in Infants 
with Rickets. 


HARRY BAKWIN, OSCAR BODANSKY anp REUBEN TURNER. 


From the Children’s Medical Service and Department of Pathology, Bellevue 
Hospital, and the Department of Pediatrics, New York Unwersity. 


The P fraction in red blood cells, readily hydrolysable by N min- 
eral acid, was estimated in non-rachitic and rachitic infants. 

The method of Lohmann’ for this fraction in muscle, as adapted 
by Barrenscheen and Vasarhelyi” for blood, was used with slight 
modification. One volume of blood was added to 4 volumes of 10% 
trichloracetic acid and the mixture filtered. Ortho-phosphate was 
determined by the method of Fiske and Subbarow.* Two ce. of 
2 N HCl were added to two cc. of the filtrate, the mixture was 
heated at 100°C. for 10 minutes and the P again determined. From 
the amount of P freed in this way, the amount of ortho-phosphate 
and the hematocrit reading, the whole blood and red cell content of 
this fraction was calculated. 

Variations in time of heating from 10 to 15 minutes gave no 
significant difference in the amount of P freed. No difference was 
noted between the use of H.SO, and HCl as the hydrolyzing acids. 
This fraction is gradually split in the trichloracetic acid filtrate, from 
0.5 to 1.0 mg. being freed in the first 24 hours at ice-box tempera- 
ture. It does not give the color reaction for pyro-phosphate de- 
scribed by Davenport and Sacks.* 

The results in non-rachitic and rachitic children are shown in 
Tables I and II. The values have been calculated for whole blood 
and for the red cells. Values for the ortho-phosphate content of 
serum, whole blood and red cells are included in the tables. 

The average value for this fraction in the whole blood of non- 
rachitic children was 5.20 mg. % as P, with a standard deviation of 
0.86 mg. % and a coefficient of variation of 16.5%. The average 


1 Lohmann, K., Biochem. Z., 1928, 202, 466. 

? Barrenscheen, H. K., and Vasarhelyi, B., Biochem. Z., 1931, 280, 330. 
8 Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 1925, 66, 375. 

+ Davenport, H. A., and Sacks, J., J. Biol. Chem., 1928, 81, 469. 
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TABLE I. 
Blood P Fraction, Readily Hydrolysable by N Mineral Acid, in Non-rachitic 
Infants. 
Mg. P per 100 ec. 
Red Serum Whole Blood Red Cells 
Case cells Ortho- Ortho- Acidhydro- Ortho- Acid hydro- 
No. vol. % phosphate phosphate lysable phosphate lysable 
phosphate phosphate 
1 — = 3.7 4.0 — — 
2 _ = 4.0 5.8 — —_ 
3 27 6.2 6.0 5.2 5.4 19.2 
4 42 — 4.4 7.6 —_— 18.1 
5 41 — 5.0 5.6 —_ 13.7 
6 49 — 4.8 5.8 — 11.9 
@ 49 > 4.3 5.8 —_ 11.9 
8 44 4.0 4.5 — 10.2 
gi 38 5.0 3.9 5.7 2.1 15.0 
10 41 cat 3.3 5.9 — 14.4 
ata 36 —_ 4.8 4.6 — 12.8 
12 50 — 3.3 7.0 = 14.0 
13 41 — 3.6 5.0 —_ 12.2 
14 — —_— By63 5.7 — — 
15 —_ —_— 3.8 4.9 —_— _— 
16 29 = 4.3 4.8 — 16.6 
V7. 41 —_— 4.5 5.6 —_— 13.7 
18 _— — 4.0 5.3 = —_ 
19 37 4.7 4.0 4.1 3.0 11.1 
20 32 5.6 4.2 ‘4.3 1.3 139 
21 30 4.7 4.1 4.3 27 14.3 
22 31 4.6 3.7 4.1. alti 13.3 
23 33 6.0 4.6 5.4 1.7 16.2 
24 37 5.5 4.3 4.4 2.3 11.9 
25 — 6.0 4.6 4.9 —_ —_— 
26 37 3.0 2.5 4.8 1.6 13.0 
27 34 5.0 4.1 5.1 2.4 15.0 
28 37 6.5 4.8 5,7 1.9 15.5 
29 29 6.7 5.0 3.9 0.8 13.5 
30 34 5.5 4.2 4.5 1.6 13.2 
31 32 5.8 4.9 4.7 3.0 14.7 
32 34 6.5 5.4 5.9 3.3 17.4 
33 37 4.7 4.1 3.8 Bel 10.3 
34 38 Spe! 4.5 6.4 3.2 16.8 
35 40 —- 4.6 5.4 — 13.5 
36 — 5.2 3.9 4.8 — = 
Average 5.41 4.36 5.20 2.48 14.10 
Standard deviation 0.87 0.65 0.86 1.08 2.19 
Coefficient variation % 16.0 14.8 16.5 43.4 15:5 


Nos. 9, 10, 12, 13, 17, 19 were older children. 


value for the red cell content was 14.10 mg. % with a standard de- 
viation of 2.19 mg. % and a coefficient of variation of 15.5%. 

The average value for the whole blood of rachitic children was 
3.76 mg. % as P with a standard deviation of 0.69 mg. % and a 
coefficient of variation of 18.4%. The average value for the red 
cell content was 11.40 mg. % with a standard deviation of 1.89 
mg. % and a coefficient of variation of 16.6%. 

The P fraction, readily hydrolyzed by N mineral acid, is reduced 
in the blood of rachitic children. 
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TABLE II. € 
Blood P Fraction, Readily Hydrolysable by N Mineral Acid, in Infants with 
Rickets. 
Mg. P per 100 ce. 
Red Serum Whole Blood Red Cells 
Case cells Ortho- Ortho- Acidhydro- Ortho- Acid hydro- 
No. vol. % phosphate phosphate lysable phosphate lysable 
phosphate phosphate 
1 36 4.4 4.1 3.9 3.6 10.8 
2 30 1.6 1.0 2.3 —0.4 (ee 
3 32 3.1 2.2 3.8 0.3 12.9 
4 24 3.1 2.9 3.3 2.3 13.8 
5 29 3.0 2.4 3.6 1.0 12.4 
6 33 5.1 3.3 4.5 —0.3 13.5 
i 33 — 2.1 4.4 — 13.2 
8 33 2.4 1.6 3.9 0.0 AH 
9 26 2.1 1.2 3.2 —0.2 12.3 
10 44 1.8 1.3 5.0 0.7 11.4 
11 28 1.4 1.2 2.8 0.7 10.0 
12 28 3.0 2.7 3.6 ale y/ 12.8 
13 33 5.3 4.4 4.2 2.7 12.6 
14 35 3.1 2.3 4.7 0.9 13.4 
15 41 2.4 iy 2.8 0.7 6.8 
16 33 3.6 2.4 3.1 0.0 9.3 
17 35 ue 1.3 3.4 0.6 9.7 
18 39 17, 1.4 4.6 1.0 11.8 
19 33 3.3 2.6 3.8 1.2 11.4 
Average 2.95 2.28 3.76 1.03 11.40 
Standard deviation 1.14 1.24 0.69 1.05 1.89 
Coefficient variation % 38.7 54.3 18.4 102.0 16.6 


| 


No. 10 was an older child, 
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Experimental Production of Chronic and Sub-acute Adrenal 
Insufficiency in Dogs and Cats. 


J. M. ROGOFF. 


From the Laboratory of Experimental Medicine, Western Reserve University. 


Chronic adrenal insufficiency, clinically and pathologically com- 
parable with Addison’s disease, has not heretofore been successfully 
produced in experimental animals. This has been attempted by 
various procedures, especially excision or denervation of the adre- 
nals, destruction by mechanical, thermal, bacterial or chemical 
agents and by radiation, and ligation of blood vessels. 

In 1917, I performed a number of experiments, upon cats and 
dogs, in which I practised mass ligation, ligation of the adrenal 
vein and ligation of the lumbo-adrenal vein on both sides of the 
gland. In general, my results were similar to those of others," ” 


1 Torrini, U. L., Sperim., 1910, 64, 342. 
2 Hartman, F. A., and Blatz, W. E., Endoc., 1919, 8, 137. 
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Fie. 1. 

Photomicrographs of sections of cat’s adrenals showing (left gland, above) 
small zone of surviving (regenerated) cortical tissue, degenerated and necrotic cor- 
tex, well preserved medulla, 83 x; right gland (below) nodule of regenerated 
cortical cells, lymphocytic infiltration and fibrosis of cortex, degenerated and 
necrotic cortex, well preserved medulla, 180 x. 
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I have observed a number of cases of Addison’s disease among 
which were found at autopsy, pathological changes in the adrenal 
glands similar to those described by Kovacs,’ as ‘“Cytotoxische 
Schrumpfnebenniere” and “Vaskulare Schrumpfnebenniere”. The 
excellent discussion by Kovacs, together with my observations on 
adrenal insufficiency in laboratory animals and on Addison’s disease, 
renewed my interest in the possibility of inducing circulatory and 
other changes in the adrenals which might lead to chronic insuff- 
ciency. 

Physiological and clinical observations suggested the possibility 
that certain types of adrenal atrophy, associated with Addison’s dis- 
ease, may be results of the immediate effects of circulatory dis- 
turbances associated with thrombosis and anemic infarction. Ac- 
cordingly, attempts were made to create comparable lesions by sub- 
total ligations of adrenal blood vessels. This was accomplished, 
sometimes in a single operation (bilaterally, or unilaterally after ex- 
cision of the opposite gland), sometimes following the first opera- 
tion by one or more subsequent operations, to create additional 
circulatory disturbances by ligating vessels of the collateral circula- 
tion (which often become enlarged after the first operation). A 
number of animals developed clinical manifestations of sub-acute 
and chronic adrenal insufficiency, in most instances comparable with 
Addison’s disease. The physiological and anatomical significance 
of the collateral venous anastomoses in relation to the adrenals has 
been considered by Cow* and others. Its relation to thrombosis of 
the suprarenal vein has been studied by Seecof.” 

Survival periods of the animals, in the group observed, range 
from about 2 to 14 months. Among those surviving long periods 
we have observed acute phenomena (anorexia, vomiting, asthenia 
and nervous symptoms) at intervals and finally an acute condition 
which terminates fatally. During these periods of acute (or sub- 
acute) adrenal insufficiency we have observed blood changes similar 
to those occurring in adrenalectomized animals, though apparently 
less severe. Laparotomy, performed during the survival of some 
animals, revealed the same remarkable congestion of the pancreas 
observed by us following double adrenalectomy. 

At autopsy, the adrenal glands showed various degrees and extent 
of degeneration and necrosis. In most cases, the pathological 
changes in the adrenals consisted of selective degeneration of the cor- 


3 Kovaes, W., Ziegler’s Bettr., 1928, 79, 213. 
4 Cow, D., J. Physiol., 1914, 48, 443. 
5 Seecof, D. P., Proc. N. Y. Path. Soc., 1926, 26, 126. 
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tex, the medulla remaining intact (in others the medulla shared in 
extensive degeneration and necrosis) and zones of regenerated cor- 
tical cells were present, presenting a picture (Fig. 1) comparable, if 
not identical, with that seen in so-called ‘“‘cytotoxic atrophy” asso- 
ciated with Addison’s disease. 

Ina few experiments it was possible to create pathological changes 
in the adrenals leading to purulent infiltration or areas of purulent 
necrosis, by superposing infection on the degenerative processes 
induced by sub-total ligation. Frequently, this procedure leads to 
total acute purulent necrosis of the gland. 

In some experiments the glands were removed for examination 
during periods of good health, in others when clinical symptoms 
were present. These and other observations are still in progress. 
The experiments thus far performed constitute a foundation for 
studies which may lead to a better understanding of Addison's dis- 
ease and of the function of the adrenal cortex. 

It is a pleasure to acknowledge my gratitude to Doctors D. P. 
Seecof and H. Goldblatt for valuable aid in preparation and inter- 
pretation of much of my experimental and human pathological ma- 
terial. 
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Studies in Hypertension. [. Injection of Various Substances, 
Especially Amino-Acids, upon Blood Pressure of Rabbits.* 


HENRY A. RAFSKY, A. BERNHARD anv G. L. ROHDENBURG. 
(With the technical assistance of Dorothy Davis.) 


From the Achelis Laboratory, Lenow Hill Hospital, New York City. 


The smallest dose of the selected substances which would produce 
histological changes in the kidneys of rabbits was first determined. 
Doses approximately one-half this amount were then injected daily 
intramuscularly and the effect upon the blood pressure studied. 
Uranium nitrate, lead acetate, phosphorus, ergot, viosterol, choles- 
terol, lecithin, putrescin, tyramine, arginine carbonate, asparagine, 
glutamic acid, histidine, tyrosine, tryptophane, succinic acid, aspartic 
acid, and guanidine carbonate were used. Of this entire group 
aspartic acid and guanidine alone produced progressive increase in 
systolic blood pressure. 


* Aided by a grant from The W. C. Durant Fund for the Study of Hyperten- 
sion. 
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The animals were kept in the laboratory for at least one week 
before blood pressures were taken. Then daily blood pressures 
were recorded for at least one week before the animals were used. 
The animals received the same diet of oats, greens, and carrots. The 
control animals were observed for the same length of time as treated 
ones. Only the systolic pressure was taken and the procedure of 


McGregor’ used. The blood pressure was taken at first daily, and 
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1 McGregor, L., Arch. Path., 1928, 5, 630. 
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then 3 times weekly, the longer period being found sufficient for 
statistical purposes. The pressures for each week were averaged 
and the rise or fall recorded. Increases of 20 mm. of mercury or 
greater were considered as significant. 

Fourteen animals injected with neutralized aspartic acid (doses 
varying between 20 and 250 mg. per kilo of body weight) all showed 
a rise in systolic blood pressure, the maximum rise being 25 mm. 
after 6 weeks and 73 mm. after 22 weeks. (See chart 1). The 
minimum dose of aspartic acid to produce an elevation of blood 
pressure was 40 mg. per kilo. Further increases of aspartic acid did 
not cause a more rapid or higher elevation of blood pressure. Blood 
urea and creatinin were within normal limits. The urine showed 
albumin and casts in 4 animals. Newburgh and Marsh’ report that 
aspartic acid is mildly nephrotoxic when injected intravenously into 
rabbits. They also state that the smallest dose that produced renal 
injury was 0.5 gm. per kilo. Our dosage was considerably less. 
The histological changes observed were thickening of the elastic 
tissues of the aorta, congestion of the glomeruli of the kidney, and 
in a few instances tubular degeneration. 

Two rabbits injected with guanidine carbonate, neutralized with 
HCl, showed a maximum rise of 42 and 46 mm. in systolic blood 
pressure after 5 weeks. No abnormal changes in the blood urea or 
creatinin or in the urine were noted. No histological change in the 
kidney was observed in one animal after 7 weeks of injection. 

Rabbits injected with glutamic acid and succinic acid showed no 
definite rise in blood pressure. 
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Studies in Hypertension. IJ. Changes in Blood Proteins in Experi- 
mental Hypertension. 


ADOLPH BERNHARD anp I. J. DREKTER. 


From the Achelis Laboratory and the A. Jacobi Division for Children, Lenox Hill 
Hospital, New York City. 


It has been shown’ that in rabbits the daily injection of aspartic 
acid and guanidine produces a definite rise in blood pressure. The 
blood proteins of these animals were analyzed both before and after 


2 Newburgh, L. H., and Marsh, P. L., Arch. Int. Med., 1925, 36, 682. 
1 Rafsky, H. A., Bernhard, A., and Rohdenburg, G. L., Proc. Soc. Exp. Bror. AnD 
Mep., 1932, 29, 1243. 
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a definite and prolonged elevation of theblood pressure was ob- 
tained. Control animals injected with putrescin, tyrosine, and 
tryptophane were observed for a similar length of time and their 
blood proteins were analyzed. 

The red cells were separated from the oxalated blood by hyper- 
tonic sodium sulphate as suggested by Folin’, and the protein pre- 
cipitated from the supernatant fluid with sulphuric acid. This pro- 
cedure precipitates all the serum proteins from a definite volume of 
blood. The Van Slyke* method of protein analysis was adapted to 
micro methods. 

The whole blood, the red cells, and the serum proteins from I cc. 
of blood were hydrolyzed with 10 cc. of concentrated HCl in a small 
Erlenmeyer flask covered with a funnel and placed on a sand bath. 
The hydrolysis was continued for 4 hours and the mixture evap- 
orated to dryness on the water bath. The contents of the flask were 
diluted to 15 cc., transferred to a large centrifuge tube and mag- 
nesium hydroxide added, then aerated for 1 hour for the determina- 
tion of the amide nitrogen. The residue is centrifuged, filtered, 
and washed, and the filtrate and washings diluted to 40 cc. Five 
cc. is removed for the determination of nitrogen after hydrolysis, 
and to the remaining filtrate, 5 cc. of 10% phosphotungstic acid in 
10% H:SO, is added, the mixture allowed to stand overnight, then 
centrifuged and washed with phosphotungstic acid solution. The 
entire precipitate obtained by centrifugation was digested and the 
total nitrogen determined, which gives basic amino nitrogen precipi- 
tated by phosphotungstic acid. The filtrate from the phospho- 
tungstic acid precipitation was extracted with amyl alcohol and 
ether, neutralized with NaOH, io cc. removed for total nitrogen, 
and 2 cc. for the manometric determination of monoamino nitrogen. 

Osborne and Harris* and Van Slyke® have shown that under suit- 
able conditions the solubility of the phosphotungstic acid precipitate 
is very small. We have observed that the precipitation of basic 
amino nitrogen by phosphotungstic acid is much more complete in 
solutions diluted as stated above. The results reported in this com- 
munication represent the total nitrogen of the basic amino nitrogen 
precipitated, duplicate determinations checking within 0.1 mg. of 
nitrogen. Therefore it seems that differences obtained in this frac- 
tion between normal rabbits and those in which hypertension has 
been induced are significant. 


2 Folin, O., J. Biol. Chem., 1930, 86, 173. 
’ Van Slyke, D. D., J. Biol. Chem., 1911, 10, 15. 
* Osborne, T. B., and Harris, I. F., J. Am. Chem. Soc., 1903, 25, 323. 
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The completeness of the hydrolysis of the proteins was deter- 
mined by experiment for periods of 2, 4, 8, and.24 hours and 
checked against Van Slyke’s procedure. It was found that there 
was no further hydrolysis at the end of 24 hours than at the end of 
2 hours, but to insure complete hydrolysis of the various blood 
samples the 4-hour period was employed. 

The formation of humin nitrogen from the basic amino nitrogen 
is rather small. Roxas’ showed that less than 10% of the basic 
amino nitrogen played any role in humin nitrogen formation. In 
the results reported here the differences in basic amino nitrogen 
between normal and hypertensive animals is far too great to be 
explained by the possibility of humin nitrogen formation from this 
fraction. 

In the control animals there were no appreciable changes in the 
total nitrogen, amid nitrogen, or amino-nitrogen fractions or a rise 
of blood pressure after injection of putrescin, tryptophane, or 
tyrosin. 

In those animals in which hypertension was produced by the 
injection of aspartic acid and guanidine very definite changes were 
observed in the blood serum fraction. (Table I.) 

The basic amino nitrogen precipitated by phosphotungstic acid is 
about 20% of the total nitrogen after hydrolysis for normal ani- 
mals, and the monoamino nitrogen is between 70-80%. In those 
animals with hypertension the basic amino nitrogen varied between 
4.9-10%, while the monoamino nitrogen varied between 80-90%. 
There were no changes in the amide nitrogen either before or after 
injection of aspartic acid or guanidine. 
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Studies in Hypertension. III. Blood Proteins in Children with 
Hypertension. 


ADOLPH BERNHARD, JEROME 8. LEOPOLD anp I. J. DREKTER. 


From the Achelis Laboratory and the A. Jacobi Division for Children, Lenox Hill 
Hospital, New York City. 


In rabbits with hypertension changes in the basic amino nitrogen, 
and the monoamino nitrogen fractions of the blood proteins have 
been described by Bernhard and Drekter’. The investigation has 


» Roxas, M. L., J. Biol. Chem., 1916, 27, 71. 
1 Bernhard, A., and Drekter, I. J., Proc. Soc. Exp. Bron. AND Mep., 1932, 29, 1245. 
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been extended to include a study of the blood of normal children 
and the blood of children and adults with hypertension. 

Fifteen normal children between the ages of 17 months and 12 
years served as controls. In this group the basic amino nitrogen 
content of the whole blood varied between 370 and 620 mg. per 100 
cc., and the monoamino nitrogen between 1200 and 1990 mg. per 
100 cc. Considered in per cent of the total nitrogen after hydrolysis 
the basic amino nitrogen of the whole blood varied between 19.4% 
and 27.0%, while the monoamino nitrogen varied between 62 and 
79%. The basic amino nitrogen in the red cells varied between 280 
and 490 mg. per 100 cc., and the monoamino nitrogen between goo 
and 1650 mg. per 100 cc. The percentage of the total nitrogen after 
hydrolysis ranges between 17.8% and 27.8% for the basic amino 
nitrogen. The basic amino nitrogen of the serum protein is fairly 
constant from 100-150 mg. per 100 cc. and the monoamino nitrogen 
is between 300 and 420 mg. per 100 cc. The variation in per cent 
of total nitrogen after hydrolysis varies between 20.0% and 27.8% 
for the basic amino nitrogen, and between 55.5 and 77% for the 
monoamino nitrogen. 

The blood proteins were analyzed in 4 cases of hypertension. One 
case, a child, 4 years of age, had a blood pressure of 170/86 mm. The 
other 3 cases were adults, with blood pressures of 170/95, 230/124, 
and 210/125 respectively. In all of these cases the blood urea and 
creatinine were within normal limits. 

In all 4 cases of hypertension there was a marked decrease in the 
basic amino nitrogen precipitated by phosphotungstic acid, of the 
serum protein fraction of the-blood. The values for this fraction 
varied 60 and 80 mg. per 100 cc., while the per cent of the total 
nitrogen after hydrolysis varied between 10.3 and 15.0%. There 
was an increase in the monoamino nitrogen fraction. 
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Comparative Toxicity of Nicotine Alkaloid and Nicotine Salts. 


DAVID I. MACHT anp LYMAN C. CRAIG.* 


From the Laboratory of Organic Chemistry, Johns Hopkins University, and 
Pharmacological Research Laboratory, Hynson, Westcott g¢ Dunning, Inc. 


The idea is generally accepted by most pharmacologists that the 
physiological activity and toxicity of powerful alkaloids are prac- 
tically the same as that of their salts, provided allowance is made 
for the slight increase in molecular weight of the salts due to the 
acid radicles, and for the difference in solubility between the alka- 
loids and their salts. The chief exception to the rule, in a limited 
way, is cocaine. The addition of sodium bicarbonate to cocaine 
solution increases its efficiency as a local anesthetic when applied 
directly to nerve trunks, and this is claimed to be due to the greater 
penetration of the alkaloid for the nerve tissue. Such a difference 
is not noted after hypodermic or intradermal injections.” * * 

In connection with a comparative pharmacological and toxicologi- 
cal study of 8-pyridyl-a(N-methyl)-pyrrolidine, or nicotine, and a 
new series of related chemical derivatives of pyrrolidine, the writers 
noted a marked difference in the physiological activity of the alka- 
loid itself and its salts. Previous writers have noted a difference 
in toxicity between nicotine and its salts but their work dealt mostly 
with the effects of these chemicals as insecticides. Del Quercio,* 
reporting some experiments on silkworms sprayed with aqueous 
solutions of nicotine and its salts, states that acidulated nicotine 
was less active than the alkaline substance itself. Moore and Gra- 
ham,’ comparing the effects of nicotine sulphate with and without 
sodium carbonate on certain aphids, found that the sulphate was 
less active than nicotine solution containing sodium carbonate. 
Moore and Row’* found nicotine itself more toxic for the frog than 
nicotine hydrochloride. De Ong’ showed that free nicotine admin- 
istered orally to chickens was more toxic than nicotine sulphate; 
and Langley and Dickinson noted that nicotine solution was more 


*National Research Fellow. 

1Gros, Arch. f. exp. Pathol. u. Pharmakol., 1910, 62, 380. 

2 Laewen, Miinch. med. Wchnschrft., 1910, 57, 2044. 

3 Sollmann, J. Am. Med. Assn., 1918, 70, 216. 

* Del Guercio, Nuove Relaz. R. Staz. Ent. Agr. Firenze, 1900, 1, 124. 
5 Moore and Graham, J. Agr. Research, 1917, 10, 47. 

® Moore and Row, J. Physiol., 1897, 22, 273. 

7 De Ong, J. Econ. Ent., 1923, 16, 486, 
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active for ganglion cells and nerve fibers than nicotine sulphate.* 
Richardson and Shepard found that the toxicity of nicotine for 
mosquito larvae varied to some extent with the hydrogen ion con- 
centration.° 

This difference in activity between the alkaloid and its salts was 
explained either by the variation in the hydrogen ion concentration 
of the solutions or by the volatility of nicotine itself and its conse- 
quent rapid diffusion through the bodies of the insects. These ex- 
planations may hold good for experiments on insects and other small 
organisms, but it was deemed desirable to determine definitely 
whether a difference between the nicotine alkaloid and its salts may 
be demonstrated in large animals and also in living plants. 

A nicotine of the highest chemical purity was prepared by one of 
the authors, and solutions of its various salts were so made as to 
contain exactly the same amount of nicotine by weight, irrespective 
of anions. The following 5 salts were studied: hydrochloride, 
acetate, salicylate, sulphate and tartrate. Phytopharmacological 
studies were made of the toxicity of the various compounds for 
the seedlings of Lupinus albus suspended in dilute solutions of the 
drugs; and the zodpharmacological activity of the compounds was 
studied on goldfish, Carassius aureus; minnows, Gambusia; larvae 
of tadpoles, Rana sylvatica, 4 weeks old, and Rana catesbiana, 1 
year old; leeches, Hirudo medicinalis; small crayfish, Cambarus ; 
frogs, Rana clamata; white mice, white rats, canaries and on cats. 
The results are exhibited in Tables I and II. 

Without exception there was a marked difference in toxicity be- 
tween the nicotine alkaloid and its salts for both animals and living 
plants. Obviously, this difference in toxicity cannot be explained on 
the basis of volatility of the nicotine alkaloid as has been suggested 
in case of sprays for insecticidal purposes, nor by variations in the 
hydrogen ion concentration of the solutions used, especially when 
the drugs were injected in such animals as rats and mice intramus- 
cularly or intraperitoneally, and intravenously in cats. The con- 
centrations in which the seedlings of Lupinus albus were suspended 
were made by dissolving the drugs in Shive solution,’ containing 
magnesium sulphate, diacid potassium phosphate and calcium ni- 
trate. Studies on the hydrogen ion concentration of such solutions 
of nicotine and its salts in this plant physiological medium showed 
very little difference in their reactions. In Table II it will be noted 


8 Langley and Dickinson, Roy. Soc. (London) Proc., 1889, Ser. B 46, 423. 
® Richardson and Shepard, J. Agr. Research, 1930, 41, 337. 
10 Shive, Physiol. Researches, 1915, 1, 327. 


Toxicity of Nicotine and its Salts for Animals. 


PROCEEDINGS 


TABLE I, 


Animals Nicotine Alkaloid Nicotine Salts 
Concen- Concen- 
tration Dead tration Dead 
Carassius aureus 1:5,000 3 min. N. hydrochloride 1:5,000 12 min. 
N. acetate 1:5,000 18min. 
N. salicylate 1:5,000 11min. 
1:10,000 4 min. N. sulphate 1:5,000 13 min. 
N. tartrate 1:5,000 4%+ hr. 
Gambusia 1: 10,000 2 min. N. hydrochloride  1:5,000 4 min. 
Larve of Rana syl- N. hydrochloride 1:10,000 2+ hr. 
vatica, 4 weeks old N. acetate 1:10,000 24%4+ hr. 
N. salicylate 1:10,000 18 hr. 
N. salicylate 1:5,000 2%hr. 
N. sulphate 1:10,000 21%4+ hr. 
1:10,000 9 min. N. tartrate 1:10,000 18 hr. 
Larve of Rana N. hydrochloride 1:5,000 65 min. 
catesbiana, 1 year N. salicylate 1:5,000 29 min. 
old 1:5,000 3 min. N. sulphate 1:5,000 49min. 
Hirudo medicinalis 1;10,000 6min. N.hydrochloride 1:5,000 12 min. 
Cambarus 1:10,000 BS Dali! G 1:5,000 113 min. 
Rana clamata 0.5 mg. per 30 gm.; paral- “ 4 0.5 mg. per 30 
ysis and characteristic gm., little or no 
posture in 25 min. effect in 25 min. 
White Mice 0.1 mg. per 10 gm.; dead “ My 0.1 mg. per 10 
in 3 min. gm.; dead in 6 
min. 
0.1 mg. per 20 gm.; dead “ sf 0.1 mg. per 20 
in 4 min. gm,; dead in 10+ 
min. 
White Rats Mild. 27 mg. per kilo Ws se recovery after 27 
mg. per kilo 
Canary 0.05 mg.; immediate con- “ xs 0.05 mg., little 
vulsions or no effect 
Cats Intravenous injection un- “ ss intravenous  in- 
der ether, 1:2,000, solu- jection under 
tion gives m.l.d., 2 mg. ether of 1:2,000 
per kilo solution at same 
rate gives m.l.d., 
2.6 mg. per kilo 
TABLE II. 
Toxicity of Nicotine and Its Salts for Lupinus Albus. 
Index of Growthin Index of Growth in 
Concentration Concentration 
Nicotine ' 1:5,000 1:2,000 
% % 
Alkaloid 52 34 
Acetate 69 50 
Hydrochloride 81 50 
Salicylate 26 10 
Sulphate 90 56 
Tartrate 85 80 
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that the salicylate of nicotine was much more toxic for plant tissues 
than other salts. This agrees with the findings of Macht and Liv- 
ingston on the great toxicity of benzoates for living plants,** which 
observation was later found to hold good also for salicylates. The 
marked difference between the alkaloid nicotine and its salts is 
especially interesting when compared with the relative effects of 


’ certain other alkaloids and their salts, which were used as controls. 


We have made comparative pharmacological studies with solutions 
of atropine and atropine sulphate, cocaine and cocaine hydrochloride 
and strychnine (alcoholic solutions) and strychnine sulphate and 
found that those alkaloids did not differ substantially in toxicity 
from their salts. 
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The Critical Period for Control of Sex in Moina. 


A. M. BANTA anp C. A, STUART. 


From the Biological Laboratory, Brown University. 


Banta and Brown’ have shown that with crowding under favor- 
able food conditions the critical period for sex control with Moina 
macrocopa is approximately 4 hours before the eggs are laid into 
the brood chamber. Stuart, Cooper and Miller,’ while unable to 
affect control of the sex of the same Cladoceran species later than 
the fourth hour before egg laying, concluded that sex could be in- 
fluenced by conditions prevailing previous to the fourth hour before 
egg laying. The following experiment was designed to show that 
the critical period for sex control is dependent to some extent upon 
the environmental conditions under which the animals are reared, 
i. €., Upon environmental conditions present earlier than, and inter- 
rupted before, the time of the critical period as described by Banta 
and Brown for crowding under good food conditions. 

In 4 series of bottles, A, B, C and D, each series containing from 
15 to 20 bottles, were placed 75 ml. of varying dilutions of manure 
infusion and 10 young Moina macrocopa females. The infusion in 
series A and B was diluted 12.5 times, in series C, 25 times, and in 


11 Macht and Livingston, J. Gen. Physiol., 1922, 4, 573. 

1 Banta, A. M., and Brown, L. A., Proc. Nat..Acad. Sct., 1929;.10, 71. 

2 Stuart, C. A., Cooper, H. J., and Miller, Rose, Rows. Arch., Abt. D, 1932, 
126, 325. 


1254 PROCEEDINGS 


D, 100 times. (Dilutions were made with pond water.) All bot- 
tles were then incubated at approximately 25°C. Series A served as 
a control and was not manipulated in any way. Approximately 15 
hours before the egg-laying period of the mothers in series B, C, 
and D the crowded mothers from one bottle in each series were 
isolated, each mother being transferred to a separate bottle con- 
taining 25 ml. of normal medium (concentrated manure infusion 
diluted 12.5 times). One hour later the same procedure was re- 
peated with another bottle from each series and again another 1 hour 
later, and so on every hour until the mothers in the different series 
laid eggs. 

By this procedure, in series B for example, mothers were sub- 
jected to a male-inducing condition (crowding) up to periods of 
time varying from 18 to 1 hour before egg-laying when the crowded 
mothers were transferred to a female-determining condition, 1. ¢., 
isolated in an adequate amount of fresh culture medium. Obviously 
then, the time before egg laying at which isolating the mothers 
failed to overcome the effect of crowding will constitute the crit- 
ical period for sex control in the environment specified. In these 
experiments, which involved the sexing.of more than 13,000 young, 
it was found that the critical period for sex control in these animals 
was different for the different environments.. In series B, medium 
diluted 12.5 times, it was the same as that previously determined 
by Banta and Brown—approximately 4 hours before egg-laying. 
In series C, however, in which the medium was diluted 25 times, 
the critical period was found to be much earlier, namely from 7 to 
8 hours before egg laying. The critical period for sex control in 
series D (medium diluted 100 times) appeared to be as early as 13 
to 14 hours before egg laying. Furthermore, it was found in this 
series that while mothers isolated from 6 to 14 hours before egg- 
laying produced males, mothers isolated from 1 to 5 hours before 
egg laying produced, for the most part, female young. This is not 
surprising in view of the fact that Stuart, Tallman and Cooper* 
have shown that Moima macrocopa mothers reared in very dilute 
medium up to the time of release produce only female young. The 
mothers in control series A (medium diluted 12.5 times as in series 
B) which remained crowded until releases occurred produced at 
least some males in every experiment, showing that the male pro- 
duction and the observed critical period in series B, C and D were 
the result of controlled environment rather than chance. 


3 Stuart, C. A., Tallman, Juanita, and Cooper, H. J., Physiol. Zool., 1931, 4, 
594. 
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The critical period for sex control in this animal requires further 
elucidation. As Banta and Brown’ used the term it meant the time 
before egg laying at which a mother must be under a_ specific 
(crowded) environment in order to affect the sex of her young. 
This seems a legitimate use of the term, critical period. There is 
presumptive evidence that the actual sex determination is chromo- 
somal. Allen and Banta* obtained evidence that the nuclear spindle 
for the single maturation division begins to form roughly 1% hours 
before the eggs are laid. It seems probable that the influential external 
environmental factors must have produced their effect within the egg 
at about that time. Whether this effective condition is a state of 
nutrition, accumulation or removal of some substance, or level of 
metabolism (or something else) is beside the present point. 

Banta and Brown’ have reported that when temperature is used 
as the controlling factor the temperature condition must operate 
for a long period (during most of the previous life of the mother ) 
in order to be most effective upon the sex of the offspring. The 
present data likewise indicate that environmental conditions opera- 
tive many hours before egg laying are effective upon the sex of 
the young. If the term, critical period, is to continue to be used 
to designate the time at which a specific environmental condition 
must be operative, it, obviously, is not a fixed and definite time with- 
in the life of the individual mother but is the critical period for the 
operation of a particular external environmental condition. 

On the other hand the critical period, theoretically, might be de- 
fined with reference to the immediate internal environment of, or 
the condition of, the egg itself, 7. e., as the time at which the effects 
produced by the specific external environmental conditions must 
have become built up (and remain potent) within or immediately 
about the egg itself.* This period, as just defined, should theoret- 
ically be the same regardless of the influential environmental fac- 
tors employed. 

4 Allen, Ezra, and Banta, A. M., J. Morph. and Physiol., 1929, 64, 123. 

5 Banta, A. M., and Brown, L. A., Yearbook Carn. Inst. of Wash., 1924, No. 


23, 36. Brown, L. A., and Banta, A. M., Physiol. Zool., 1932, 5, 218. 
6 Banta, A. M., and Brown, L. A., Yearbook Carn. Inst. of Wash., 1929, No. 


28, 51. 
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Food and Crowding as Sex Controlling Factors in Cladocera. 


C. A. STUART anp H. J. COOPER. (Introduced by A. M. Banta.) 


From the Biological Laboratory, Brown Unwersity. 


In an attempt to show that crowding and the subsequent accu- 
mulation of excretory products were not essential for the produc- 
tion of males by Cladocera, Stuart and Cooper’ reared isolated 
Moina mothers in from 100 to 500 ml. of very dilute manure in- 
fusion medium.” It was found that isolated mothers reared in as 
large a volume as 500 ml. of suitably diluted medium not infre- 
quently produced males. It seemed of interest then to ascertain 
whether or not crowded mothers reared in exceedingly small vol- 
umes of concentrated or heavily bacterized medium*® would produce 
female young. 

After many preliminary experiments, the following procedure 
was selected: Manure infusion medium*® or manure infusion to 
which filtrate of mascerated Cladocera (“cell juice”) had been 
added was dispersed in 2 ml. amounts in 15x5 mm. vials. Ten 
young sister Cladocera (Moina macrocopa) were placed in each 
vial. The cell juice was prepared by collecting several thousand 
Cladocera with embryos or eggs in the brood chamber and grinding 
them up in a mortar in a small amount of pond water, then filtering 
the resulting extract through paper. The medium was bacterialized 
by the addition of one drop of a concentrated suspension of Aero- 
bacter aerogenes.’ The bacterization was repeated at from 4 to 
8 hour intervals until the animals laid eggs, at which time the 10 
mothers were placed in 100 ml. of normal culture medium to release 
their young. As controls 10 mothers, sisters of those in the vials, 
were reared in the usual 100 ml. of unbacterized medium in the 
usual 6 oz. bottles. When the mothers released, the number and sex 
of the young were determined. Twenty-six such experiments were 
carried out. 

Mothers in the control bottles, reared in approximately 10 ml. of 
medium per mother, produced an average of 12.3 young per mother, 
of which 27.9% were males. The percentages of male young in the 
various bottles varied from 8% to 55%. On the other hand, the 
mothers reared until eggs had been laid in approximately 0.2 ml. 

1 Stuart, C. A., and Cooper, H. J., Physiol. Zool., 1932, 5, 70. 


2 Banta, A. M., Science N. 8., 1921, 58, 557. 
3 Stuart, C. A., and Banta, A. M., Phystol. Zool., 1931, 4, 72. 
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of medium per mother, produced an average of 13.1 young per 
mother, of which but 6.3% were males. The percentages of male 
young in the various experimental vials ranged from 0% to 21%. 

A most interesting fact brought out by these experiments is that 
the mothers in 5 of the vials produced an average of 14.0 young per 
mother of which 100% were females. This would seem to indicate 
that the detrimental effect of crowding and excretory substances 
had been entirely overcome in 5 cases by the addition of an ade- 
quate amount of food. The importance of the food: factor in these 
experiments will be realized when one considers that Cooper, Stuart 
and Miller* have shown that 9 mothers reared in 2 ml. of unbac- 
terized medium in similar vials, though they may survive for rela- 
tively long periods of time, rarely produce any young at all. It has 
been shown, therefore, that in certain cases, even with an extreme 
of crowding but with an adequate supply of living bacteria, Clado- 
ceran mothers may produce female young. 

The addition of ‘cell juice’ appeared to favor the growth of 
Cladoceran mothers, as animals reared simply in bacterized manure 
infusions did not seem to thrive as well. We are inclined, however, 
to believe that the “cell juice” possessed little if any nutritive value 
for the Cladocera, but that it did furnish an excellent substrate for 
the growth of the added bacteria. 
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Depression Periods in Cladocera. 


C. A. STUART. (Introduced by A. M. Banta.) 


From the Biological Laboratory, Brown Unwersity. 


For more than 3 years the writer has been interested in the 
periodic depressions that so frequently occur in stock cultures of 
Cladocera reared in manure infusions. Such periods have been re- 
ported by Warren,’ Hartman,’ and Allee.* Stuart, Cooper and 
Coady* believed that no one environmental factor was responsible 
for their occurrence and suggested several factors that might be 

4 Cooper, H. J., Stuart, C. A., and Miller, R., Anat. Rec., 1932. 

1 Warren, E., Quart. J. Microsc. Soc., 1900, 48, 199. 

2 Hartman, O., Arch. f. Zeliforsch., 1919, 15, 1. 

3 Allee, W. C., Animal Aggregations, Univ. Chicago Press, 1931. 

Stuart, C. A., Cooper, H. J., and Coady, H., in press. 
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associated with the phenomenon. Since Allee* has so clearly shown 
the detrimental effects of unconditioned water on aquatic animals 
it occurred to the writer that this factor might play some role in 
depression periods in Cladocera. 

Accordingly, during a part of the summer of 1931 when stock 
animals showed continued depression periods the pond water em- 
ployed in the preparation of medium for these animals was treated 
in the following way. Five gallons of the raw water was filtered 
through paper and together with a suitable quantity of garden soil 
was put into an aquarium. A few hours later, after sedimentation 
of the gross silt, the aquarium was stocked with 100 or more adult 
Cladoceran mothers (Moina macrocopa). In each of 6 separate ex- 
periments many of these animals died within 12 to 18 hours, and a 
similar number of mothers with eggs or embryos present in the 
brood chamber were added to the aquarium. For the most part 
these animals survived and released their young. The water was 
arbitrarily held to be conditioned in from 48 to 72 hours when a 
slight opalescence or turbidity appeared: this opalescence was 
shown by bacteriological counts to be due to the increased number 
of bacteria. The water was then filtered through paper and used 
for diluting a portion of the concentrated manure infusion em- 
ployed for rearing these animals.» A portion of the same con- 
centrated infusion was also diluted with unconditioned pond water 
from the same lot as that used for conditioning. Single Moina 
sisters were placed in each of 2 bottles, one containing 100 ml. of 
the medium prepared from conditioned water, the other a similar 
amount of medium made from unconditioned water. If the mothers 
survived to release, the number of young released and the number 
of second eggs laid by the mothers were noted. Six series of ex- 
periments were carried out, each series consisting of from 12 to 
25 separate experiments. 

Of 108 mothers reared in the conditioned medium 102 survived to 
release 1074 young and to lay subsequently a total of 1173 eggs for 
the second brood. In the unconditioned medium, however, only 
83 of the 108 mothers survived to release 591 young and to lay 489 
second eggs. The mortality in the conditioned medium was but 
5.55% while in the unconditioned medium it was 23.14%. More- 
over, in the conditioned medium the average number of young and 
second eggs per mother was 10.52 and 11.50 respectively, while in 
the unconditioned medium the average young and second eggs per 
mother was respectively 7.12 and 5.89. 


5 Stuart, C. A., Tallman, J., and Cooper, H. J., Physiol. Zool., 1931, 4, 581. 
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Sister lines of the stock Moina mothers during this depression 

period were, therefore, reared for several weeks in both conditioned 

and unconditioned media. It was evident that the mothers in the 

conditioned medium produced more young: and more second eggs 

at all times than the sister mothers in the unconditioned medium. 

The conditioned medium failed, however, in rejuvenating com- 
pletely the stock from the depression period. 
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Effects of Administration of Cortin to the Hypophysectomized Rat.* 


WAYNE J. ATWELL. 
From the Department of Anatomy, University of Buffalo School of Medicine. 


Among the results of experimental hypophysectomy in mammals 
are loss of weight, or, in young animals, failure to increase in weight, 
loss of libido sexualis, cessation of estrus, or sexual infantilism, 
lessened spontaneous activity, lowered metabolism and lowered tem- 
perature.*** Autopsy of such animals shows atrophy of the thy- 
roid, the adrenal cortex, the gonads, the secondary sex organs, and 
the thymus. It is apparent that the hypophysectomized animal is 
characterized not only by absence of the pituitary but also by a 
marked reduction in size, and presumably also in function, of sev- 
eral other highly important endocrine glands. Considerable light 
has been thrown on the respective roles of the thyroid and the 
gonads in this complex endocrine disturbance.” * The functional 
relationships of the adrenal cortex in the above pictured syndrome 
are not so well known; what symptoms and what glandular defi- 
ciencies, if any, are secondary to the atrophy of this important en- 
docrine gland following removal of the pituitary? 

We have previously reported the results of cortin treatment in 
hypophysectomized Amphibia.” In our mammalian experiments 
albino rats weighing from 150-200 gm., principally from the Wistar 


* Aided by a grant from the Carnegie Corporation to the Carnegie Institution 
of Washington. 

1 §mith, P. E., J. Am. Med. Assn., 1927, 88, 158. 

2 Foster, G. L., and Smith, P. E., J. Am. Med. Assn., 1926, 87, 2151. 

3 Richter, C. P., and Wislocki, G. B., Am. J. Phystol., 1930, 95, 481. 

4Smith, P. E., Am. J. Physiol., 1932, 99, 349. 

5 Atwell, W. J., Proc. Soc. Exp. Bion. anD Mep., 1932, 29, 621. 
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experimental colony strain were used. Beginning about the 6th day 
following hypophysectomy certain animals received daily two 0.5 cc. 
injections of cortin. Other operated animals were injected at sim- 
ilar times with an equal amount of salt solution. Still other litter 
mates, unoperated, were available for controls. The operated ani- 
mals were weighed and daily vaginal smears obtained from the fe- 
males. In the latter part of the experiment spontaneous activity 
cages, which recorded revolutions, were available and some of the 
animals lived in them. The rats were killed from 4 to 8 weeks fol- 
lowing operation after having received treatment for from 3 to 7 
weeks. Unoperated litter mates were killed at the same time. At 
autopsy, gonads, genital tract exclusive of gonads, adrenals, thy- 
roids, thymus, liver, spleen and kidneys were carefully dissected 
out, weighed, and fixed in Bouin’s fluid for histological study. The 
hypophysial region also was preserved, decalcified and sectioned 
serially. This procedure was deemed necessary in all cases to prove 
the success or failure of the operation. Twenty rats were hypo- 
physectomized. Nine of these received cortical extract. 

Cortin treatment failed to repair the atrophy of the gonads, the 
thyroids or the adrenal cortex. The interrupted oestrous cycles of 
the females were not restored. There was no restoration of the 
growth rate. 

In certain respects, however, the cortin-treated rats were strik- 
ingly different from the untreated. Instead of being cold, apathetic 
and almost entirely inactive as hypophysectomized animals charac- 
teristically are, they were distinctly active and showed a body tem- 
perature slightly under normal. 

These observations provide an experimental basis for the ex- 
pectation® that cortical extract will relieve the asthenia, hypother- 
mia, and presumably also the hypotension, of Simmond’s disease. 
They likewise provide a necessary link in the evidence that the 
relief of myasthenia which follows administration of hypophysial 
growth hormone to hypophysectomized rats (Evans and cowork- 
ers’) results from activation of the adrenal cortex. 


6 Calder, R. M., Bull. Johns Hopkins Hosp., 1932, 50, 87. 
7 Evans, H. M., Meyer, K., Pencharz, R., and Simpson, M. E., Science, 1932, 
75, 442. 
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Note on the Serological Differentiation of Steric Isomers. 


K. LANDSTEINER anp J. VAN DER SCHEER. 


From the Laboratories of the Rockefeller Institute for Medical Research, New 
York City. 


A relationship between spatial configuration and serological speci- 
ficity has been established in several instances.»*** In recent 
studies it has been found that the cis-trans isomerism of maleic and 
fumaric acid can be detected serologically. The immune serum used 
was obtained by injection of an antigen consisting of protein to 
which was coupled diazotized p-aminosuccinanilic acid. The reac- 
tion of this immune serum with the corresponding antigen was 
inhibited by succinic acid (as sodium salt) and moreover by maleic, 
but not hy fumaric acid. This differentiation of the cis- and trans- 
forms extended to the monoesters of the two acids and furthermore 
to the methyl substituted compounds (citraconic and mesaconic 
acid). 

On the basis of our former results the suggestion was made’ that 
in certain cases serological reactions could be used for determining 
spatial configuration, in a way similar to that in which enzymes have 
been applied to this purpose. At the same time a first example was 
cited dealing with the correlation between the optically active forms 
of malic and tartaric acids. Since no details have been given, a de- 
scription of the experiments will follow. 

For the tests immune sera were used specific for levo- and dextro- 
tartaric acids, prepared as described previously’ and in addition an 
immune serum specific for levo-malic acid. This was obtained by 
injections of rabbits with an antigen made by coupling diazotized 
levo-para-aminomalanilic acid to horse serum. Levo- and dextro- 
rotatory para-aminomalanilic acids were prepared by reduction of 
the corresponding nitro-compounds.* For the preparation of these 
compounds the two optically active malic acids were condensed with 
para-nitraniline.* Which of the two possible levo- or dextro-nitrani- 
lides the substances isolated represent remains to be determined ; 


* Landsteiner K., and Van der Scheer, J., J. Exp. Med., 1928, 48, 315. 

2 Landsteiner, K., and Van der Scheer, J., J. Exp. Med., 1929, 50, 407. 
Avery, O., and Goebel, W. F., J. Exp. Med., 1929, 50, 521. 

“ Avery, oO. Goebel, W. F., and Babers, F. H., J. Exp. Med., 1932, 55, 761. 
5 Naturwissenschaften, 1930, 18, 563. 
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but it seems probable that the condensation would take place more 
readily with the carboxyl next to the hydroxyl group. For the 
experiment, this point is of no significance because in both levo- 
compounds the arrangement of the groups around the asymmetric 
carbon atom would correspond to one optically active form of 
tartranilic acid and in both dextro-compounds to the other. 

Levo-para-nitromalanilic acid. The crude substance, obtained by 
fusion of levo-malic acid and p-nitraniline, was recrystallized twice 
from water and 25% alcohol. Microscopic needles. Melting point : 
168-169° C. Titration: 0.127 gm. dissolved in 80% alcohol, re- 
quired for neutralization 5 c.c. of N/to NaOH. Formula 
CyoHyoOoN, requires 5 c.c. A 1% solution in methyl alcohol gave 
at 25° a rotation of —o.77 in a 2 d.m. tube with sodium light 
[a]p — 38.5. 

Dextro-para-nitromalanilic acid. The crude substance obtained 
by fusion of dextro-malic acid® and para-nitraniline was recrystal- 
lized twice from water and 25% alcohol. Microscopic needles. 
Melting point: 168-169° C. Titration: 0.127 gm. dissolved in 80% 
alcohol, required for neutralization 4.95 c.c. N/10 NaOH. For- 
mula C,Hi.O N. requires 5 c.c. A 1% solution in methyl alcohol 
gave at 25° C. a rotation of +0.76 in a 2 d.m. tube with sodium 
light; [a]p + 38. 

Levo-para-aminomalanilic acid. The crude material was crystal- 
lized from 8 volumes of hot water. Fine microscopic needles. The 
substance became dark but did not melt when heated to 230° C. 
Kjeldahl nitrogen determination after drying at 100° in vacuo; 
CyoH.2O.N, calculated N 12.5%, found N 12.44%. An aqueous 
solution containing 0.1 gm. of the substance and 0.6 c.c. of normal 
HCl in a volume of 5 c.c. gave at 25° C. a rotation of —1.18 ina 
2 d.m. tube; [alp — 29.5. 

Dextro-para-aminomalanilic acid. The crude material was 
crystallized from 8 volumes of hot water. Fine microscopic needles. 
The substance became dark but did not melt when heated to 230° C. 
Kjeldahl nitrogen determination after drying at 100° in vacuo: 
CyoHi20.N, calculated N 12.5%, found N 12.7%. An aqueous 
solution containing 0.1 gm. of the substance and 0.6 c.c. of normal 
HCl in a volume of 5 c.c. gave at 25° C. a rotation of +1.2 ina 2 
d.m. tube; [a]p + 30. 

An immune serum for levo-malanilic acid reacted on the levo- 
and not on the dextro-tartranilic antigen. 


® Dakin, H. D., J. Biol. Chem., 1924, 59, 7, 
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TABLE 
For a description of the technique we refer to a former publication?. The read- 
ings were taken after 2 hours at room temperature. The antigens were used in a 
dilution of 1:500 of a 5 per cent solution. 


Antigens prepared from chicken serum and: 
{mmune sera for 


azo-proteins made levo- dextro- levo- dextro- 
from horse serum p-amino- — p-amino- p-amino- p-amino- 
and tartranilic tartranilic malanilic malanilic 
acid acid acid acid 
levo- 
p-amino- ++ 0 “AP tr 
tartranilic 
acid 
dextro- 
p-amino- 0 str ts (0) fe 
tartranilic 
acid 


From the tests one may conclude that there is a correlation be- 
tween the tartaric and malic acids which rotate polarized light in 
the same sense. Freudenberg and Brauns’ correlated d-tartaric 
acid to d-malic. acid by converting the former into monoacetyl- 
tartaric acid-dimethylester, acetyl-chloromalic acid-dimethylester, 
chloromalic acid and finally into d-malic acid. The fact that the 
same result has been arrived at by the use of immune sera seems to 
confirm the applicability of the serological method to questions of 
spatial configuration. 


6312 


Production of Experimental Endometrial Hyperplasia.* 


J. M. WOLFE, MARY CAMPBELL anp JOHN C. BURCH. 


From the Departments of Anatomy and Gynecology, Vanderbilt University School 
of Medicine. 


Endometrial hyperplasia has been known in this country since 
1900, when it was described by Cullen’. Schroeder’s’ conclusion 
that endometrial hyperplasia was due to changes in the ovary re- 
sulting from a deficiency of the corpus luteum has been amply con- 


T Freudenberg, K., and Brauns, F., Ber. D. Chem. Ges., 1922, 55, 1339. 

*We are greatly indebted to Parke, Davis and Company and to E. R. Squibb and 
Son for the cestrus-producing extracts used in these experiments. 

This work has been supported by a grant from the National Research Council 
Committee on Problems of Sex. 

1Cullen, T. S., Cancer of the Uterus, Philadelphia, 1900. 

2 Schroeder, Robert. Arch. f. Gynak., 1921, 98, 81. 
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firmed. Fluhmann’, and Burch, Williamsy and Cunningham* have 
studied the condition from the hormonal standpoint, and consider 
that the endometrial pathology is due mainly to the action of oestrin. 
While in their experiments* the cellular changes of endometrial 
hyperplasia were faithfully reproduced, the characteristic gland 
pattern was lacking. This gland pattern, the most striking feature 
of the condition, was considered léss important than the cellular 
changes. The characteristic gland pattern was experimentally pro- 
duced and recognized as such by Hofbauer’. He repeatedly im- 
planted anterior lobe substance in guinea pigs with intact ovaries. It 
is impossible to evaluate the relative effects of hypophyseal and 
ovarian hormones, as the formation of the ovarian hormones would 
be stimulated. The inference is clear that oestrin must be the major 
factor, as the hormone of the corpus luteum exercises little or no 
effect on an endometrium unless sensitized by oestrin. 

_ To test further this conception of the etiology of endometrial 
hyperplasia, a series of 24 spayed guinea pigs and 20 spayed rats 
were given varying amounts of oestrin over relatively long periods 
of time. Sections of the uteri of these animals were removed at 
stated intervals during the injection period. 
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3 Fluhmann, C. F. Surg. Gyn. and Obstet., 1931, 52, 1051. 

*Burch, J. C., Williams, W. L., and Cunningham, R. S. Surg. Gyn. and Obstet., 
1931, 58, 338. 

® Hofbauer, J., Surg., Gyn. and Obstet., 1931, 52, 222." 
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A large percentage of the guinea pigs which received the oestrin 
injections exhibited uteri in which the cellular and glandular picture 
was identical with that found in human hyperplasia. The glands, 
many of which were cystic, were very prominent throughout the 
greatly thickened mucosa. Figure 1 shows that these specimens 
were quite similar to the typical Swiss-cheese pattern found in 
human cases. As a rule, this picture was found in the uteri of 
guinea pigs which had received from 10 to 50 units of oestrin daily 
for 8 to 15 days. 

In guinea pigs it was possible to induce both the glandular and 
cellular change of hyperplasia of the endometrium in all of the 
animals injected. In rats, the cellular changes were easily induced, 
but we were able to produce cystic dilatation of the glands in only 
40% of the animals studied. 
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Bactericidal Property of an Ultra-Violet Irradiated Petrolatum- 
Lanolin Mixture. 


A. TRELOAR ROSS. (Introduced by H. J. Sears.) 


From the Departments of Bacteriology and Surgery, Uniwersity of Oregon 
Medical School. 


Remarkable results on purulent wounds following the use of 
ultra-violet irradiated petrolatum, reported by Elising,* prompted 
us to determine whether such petrolatum had any bactericidal effect 
in vitro. We used a mixture of 2 parts petrolatum molle and one 
part lanolin, the latter being added to increase tissue absorption of 
the irradiated petrolatum. 

Technic. A 2:1 petrolatum-lanolin mixture was melted and 
rendered sterile by infra-red heat. Twenty cc. of the mixture were 
placed in sterile petri dishes and irradiated directly for varying 
periods of time by a Burdick ultra-violet lamp at a distance of 12 
inches. At the end of the time allotted for exposure I cc. of a nor- 
mal saline suspension of organisms was thoroughly mixed with the 
petrolatum-lanolin. At varying intervals thereafter one loopful of 
the inoculated mixture was seeded on agar plates and the growth 
noted. For control we used: (1) Non-irradiated petrolatum-lanolin 
to which organisms had been added; (2) Petrolatum-lanolin to 
which organisms had been added before irradiation; (3) Petrola- 


1 Hising, E. H., Annals Surg., 1931, 48, 123. 
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tum-lanolin which was irradiated for the Same varying periods of 
time as the directly irradiated samples but with the petri dish covers 
left on to filter out the shorter ultra-violet rays as much as possible. 
The organisms used were Staphylococcus aureus and Bacillus pyo- 
cyaneus. . 

Staph. aureus was practically always killed within 24 hours by 
a 2-hour directly irradiated mixture. B. pyocyaneus gave less con- 
sistent results, but was usually killed within 24 hours by the 4-hour 
directly irradiated mixture. The plates irradiated with their covers 
on showed no bactericidal property except those exposed for 4 hours, 
which consistently killed Staph. awreus within 24 hours, thus sug- 
gesting that over the prolonged exposure time sufficient rays passed 
through the glass to irradiate the mixture. The non-irradiated con- 
trols gave abundant growth, while those to which organisms had 
been added before irradiation gave no growth. 

Time and facilities allowed only one test to determine how long 
the irradiated mixture could be effective, and this test showed that a 
4-hour directly irradiated mixture one week old killed Staph. aureus 
and B. pyocyaneus within 24 hours. 

That the effect of irradiation is bactericidal rather than bacterio- 
static was shown by making broth cultures from the irradiated mix- 
tures which had given no growth on agar and also from the non- 
irradiated controls. Warm broth was used on the theory that the 
grease would be melted, freeing the bacteria. Here again the non- 
irradiated controls gave growth while the irradiated mixtures did 
not. 

We can only surmise the nature of the bactericidal agent in the 
irradiated petrolatum-lanolin. Montgomery’ has shown that irra- 
diated ergosterol is not bactericidal; hence the ergosterol in the 
lanolin of our mixture can be excluded as an active agent. Our 
non-irradiated controls show that the infra-red used in sterilization 
of the mixture plays no role. The fact that irradiation turns color- 
less petrolatum yellow suggests a change in molecular arrangement 
of that substance, but it is doubtful if such a chemical change ren- 
ders the petrolatum capable of killing bacteria. A more appealing 
theory is that secondary ultra-violet emanations are held by the 
petrolatum-lanolin. The ultra-violet spectrum is between 1850 and 
4000 Angstrom units. It is plausible to suppose that the secondary 
rays retained by the petrolatum-lanolin mixture are similar to the 
longer rays of the biologically active or so-called ‘“‘vital’” portion of 
the ultra-violet spectrum. This. view is supported by the results of 


2 Montgomery, B. E., Proc. Soc. Exp. Biot. AND Mrp., 1931, 28, 481, 
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Eising, who produced stencil designs on hermetically sealed X-ray 
films placed over irradiated petrolatum in a light-tight box, and by 
French.* 

I wish to express my gratitude to Dr. Arthur C. Jones of the 
division of Physical Therapy for his valuable suggestions. 
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Further Purification of the Adrenal Cortical Hormone. * 


J. J. PFIFFNER, H. M. VARS, P. A. BOTT ann W. W. SWINGLE. 


From the Biological Laboratory, Princeton University. 


In studying the problem of further purification of the adrenal 
cortical hormone we have used the following 3 types of fractionation 
procedure on the active material obtained from whole beef adrenal 
glands by the usual permutit fractionation: (1) distribution between 
an immiscible solvent and aqueous alkali, (2) distribution between 
an immiscible’ solvent and aqueous acid, and (3) fractionation with 
organic solvent mixtures. The starting material and the various 
fractions obtained were assayed on adrenalectomized dogs by the 
technique previously described.’ 

Four hundred and seventy mg. of alcohol-soluble fraction ob- 
tained from 4000 gm. of beef adrenal glands and containing 8000 
D. U. (dog units) were dissolved in ether and washed with 0.05 N 
NaOH. The aqueous alkaline solution was washed with fresh 
ether and the ether solutions combined. The ether-soluble fraction 
(200 mg.) was transferred to water (70 mg. water-soluble) for 
assay and was found to contain less than 500 D. U. The alkaline 
washings were adjusted to pH 5.6 and on assay contained between 
500 and 1000 D. U. In this manipulation, therefore, about 6500 
D. U. were apparently destroyed. 

The above procedure was repeated on another aliquot of 470 mg. 
containing 8000 D. U. except that 0.05 N HCl was used instead of 
alkali. The ether soluble fraction (350 mg.) contained between 
500 and 1000 D. U., while the aqueous acid washings after ad- 
justment to pH 5.2 assayed between 6000 and 7000 D. U. The 


3 French, F. 8., Clifton Med. Bul., 1932, 18, 21. 

* This investigation has been aided by a grant from the Josiah Macy, Jr., 
Foundation of New York. 

1 Harrop, G, A., Pfiffner, J. J., Weinstein, A., and Swingle, W. W., Proc. 
Soc. Exp. Biot, AND MmD., 1932, 29, 449. 
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cortical hormone can apparently be trafisferred to aqueous acid 
without destruction. This fractionation step is being used in fur- 
ther studies. 

One of the most potent fractions thus far obtained was prepared 


by hexane fractionation. An aliquot of 470 mg. containing 8000 , 


D. U. was dissolved in 10 cc. of absolute ethyl alcohol and pre- 
cipitated by the gradual addition of 9 volumes of hexane. The sup- 
natant fluid was decanted, the precipitate dissolved in 5 cc. of alcohol 
and precipitated as before. The hexane-alcohol-soluble fraction 
(370 mg.) was transferred to water. The water-soluble fraction 
(150 mg.) assayed 8000 D. U. or approximately 50 D. U. per mg. 
of solids. 


6315 


Actions of Dinitrophenol. 


W. C. CUTTING anp M. L. TAINTER. 


Hirose the Dintsion of Neuropsychiatry of the Department of Medicine, and the 
Department of Pharmacology, Stanford Uniwwersity School of Medicine. 


Following the demonstration by C. Heymans* and others that 
a-dinitrophenol (1-2-4) produces fever in experimental animals, 
we have attempted to determine the cause of the rise of temperature, 
the effects on various functions, and its possible therapeutic appli- 
cations. 


Dinitrophenol produces fever in pigeons, rats, rabbits, cats, dogs,. 


and man, in doses of 5 to 40 mg. per kilo, the exact dose depending 
on the species and route of administration. After subcutaneous or 
intramuscular injection, the temperature begins to rise in about 10 
minutes and steadily increases until the maximum of up to 4°C. 
increase is reached, in from one-half to 4 hours. Then there may be 
a subsidence of the fever with complete recovery, or, if a fatal dose 
has been given, a sudden stoppage of respiration and circulation, 
and death. Rigor sets in at once. 

Preceding the onset of the fever, and throughout the entire febrile 
period, there is a marked respiratory stimulation, including both the 
rate and depth, so the total ventilation increases up to 10 times the 
resting values. The respiratory stimulation may be prevented or 
diminished by large doses.of morphine. Conversely, dinitrophenol 
increases the ventilation to better than the normal values after -it 


1 Personal communication. 
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has been decreased by toxic or fatal doses of morphine, chloral, 
alcohol or barbital. The stimulation compares favorably with that 
caused by caffeine. The improvement in respiration does not pre- 
vent death, if otherwise fatal doses of these hypnotics have been 
given; thus indicating that the respiratory depression per se is 
possibly not the primary cause of death from the hypnotics. During 
the period of maximum respiratory stimulation, there is little or no 
change in blood pressure and pulse rate, and the sugar, pH and CO,- 
combining power of plasma are unaltered. Hence the increase of 
temperature and respiration is not accompanied by an acidosis or 
the appearance of appreciable amounts of fixed acid in the blood. 
The rise of temperature is not prevented by destruction of the brain 
and spinal cord or by complete curarization, so that the mechanism 
of production would appear to be a peripheral one. When fever- 
producing doses are given repeatedly to dogs at intervals of 3 days 
over a period of 6 weeks, constant febrile responses are elicited, 
with little or no evidence of toxicity, either grossly or on microscopic 
study of the tissues. The other available isomers of nitro-, dinitro- 
and trinitrophenol are less effective in producing fever, or cause it 
only in fatal doses. Even with the a-dinitrophenol the margin be- 
tween the febrile and fatal dose is narrow. 

Experiments are being made to elucidate the mechanism of the 
fever production, the details of the pharmacologic action, and the 
cause of death, and to determine possible antidotes, and therapeutic 
usefulness, of this drug in man. 
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Studies in Ageing Eggs. Changes in Permeability of Egg Membrane. 


A. J. GOLDFORB anp VICTOR SCHECHTER. 


From the Marine Biological Laboratory, Woods Hole, and the Biological Labora- 
tory, College of the City of New York. 


The volume of unfertilized eggs of Arbacia punctulata aged in 
sea water at 19 to 22° C., pH 8.2, is not constant. The volume 
increases slowly and progressively during approximately the first 
23 hours after shedding. The increase in volume of eggs from 
different females ranges from 1.8 to 3.2%. With further ageing 
the volume decreases progressively. 

Samples of such ageing eggs were placed at successive ages in the 
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same concentration of dilute sea water, at 21.5°, pH 8.2, and the 
increase in volume of each egg measured during 5 to 7 successive 
minutes. Nine to 21 eggs were measured at each age. The average 
of these measurements at each age was plotted and the constant of 
the curve, 1. e., the permeability constant, K, was calculated by the 
method of Lucké and McCutcheon. K measured the amount of 
water passing through a unit of surface per unit difference of 
osmotic pressure per unit time. 


TABLE I. 


Showing increase in permeability (K) with increasing age of eggs. Calculations based 
on extrapolated and on average Vo volumes. 


Permeability Permeability 
Age in K K 

hrs. Extrapolated Vo. Aver Vo. 

1 120 121 

3% 134 St 

6 132 129 
24 139 135 
28 171 171 
32 167 168 
48 166 164 
54 162 179 


Increase in permeability—24.2%. 


The volume of the eggs before immersion in the hypotonic solu- 
tion was determined in 3 ways: (1) average of 50 measured eggs, 
(2) by extrapolation, (3) average of all extrapolated Vo values. 
The permeability constants were calculated by all 3 methods. The 
results, though varying, all agree in this, that a marked increase in 
permeability occurs with ageing of eggs. 

The increase in permeability was 24.2, 41.0, 43.0, 47.0, and 68% 
in 5 different experiments, when 50 and 60% sea water was used. 
In one experiment with 80% solution of sea water the increase 
was 27%. 

There appears in each experiment to be 3 stages in the increased 
permeability: (1) an initial low rate between 0 and 2 hours after 
shedding, (2) a higher rate between 3 and about 24 hours, (3) a 
highest rate between 24 and about 54 hours. These stages may 
represent 3 steps in a progressive increase of permeability with 
ageing of eggs. 
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Studies in Ageing Eggs. Changes in Resistance of Egg Membrane 
to Bursting in Hypotonic Solutions. 


A. J. GOLDFORB and VICTOR SCHECHTER. 


From the Marine Biological Laboratory, Woods Hole, and the Biological Labora- 
tory, College of the City of New York. 


When unfertilized Arbacia eggs of one female were placed in the 
same hypotonic solution of sea water, at the same temperature and 
pH, the time required for 50% to cytolyze decreased sharply with 
ageing of eggs, i. e., the rate of cytolysis involving bursting of egg 
membranes increased rapidly with ageing of eggs. 


TABLE I, 
Time in min. for 50% of eggs to cytolyze in a 30% solution of sea water at 21.5. 
Age 
Min. Hr. 
14y 1 
13% 3% 
7% 6% 
5% 20 
4X4 24 
28 
4 32 
3% 44 
2% 46% 
3 49 
2% 52 
2e 56 
21% 58% 
156 68 
2 73 


Table I is an example of one experiment in which a 30% solution 
of sea water was used at 21.5° and pH 8.2. One hour after shed- 
ding, 50% burst in 1414 minutes. When 73 hours old, 50% burst 
in 2 minutes. 

Similar striking increase in the rate of cytolysis with ageing of 
eggs occurred in every experiment in every concentration, viz., 0 
(distilled water), 10, 20, 30, 45, and 60% solutions of sea water. 

The curves representing the rate of cytolysis in different concen- 
trations of sea water were not parallel. In more concentrated solu- 
tions the initial rates of cytolysis were very much slower, but the 
final rates approximate closely the rates in more dilute solutions. 

When eggs from one female were subjected at each age to 3 
different concentrations, for example, 20, 30, and 45% solutions of 
sea water, at the same temperature and pH, the 3 curves represent- 
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ing the rates of cytolysis in each solution converged with ageing of 
eggs. The terminal rates are closely correlated with the osmotic 
pressure differences across the egg membrane. The convergence 
indicates a greater effect of osmotic forces on cytolysis at later ages 
and, conversely, lesser effect at early ages. 

The increase in surface area of eggs placed in a given hypotonic 
solution at constant temperature and duration, is greater with 
ageing of eggs. This is due to increased permeability of the egg 
membrane with age. The resulting per cent increase of stretching 
of the membrane was measured and compared with the percent 
increase in the rate of bursting. The 2 curves are not parallel. 
Bursting is progressively faster than stretching. Hence, increased 
stretching of membrane with ageing, is not solely responsible for 
the increased rate of bursting. 

These 2 lines of evidence, namely, (1) convergence of bursting 
rates in different concentrations, (2) non-parallelism between rates 
of stretching of membrane and rates of bursting, strongly indicate 
a third factor, namely, a change (1. e., a decrease) in tensile strength 
of the egg membrane with ageing of eggs. 

This increased stretching plus the decreased tensile strength of 
the egg membrane, we believe are the major factors involved in the 
more rapid bursting of the egg membrane during ageing. 


6318 


Further Study on the Incidence of B. dysenteriae in the Normal 
Individual.* 


DONOVAN C. BROWNE. (Introduced by C. W. Duval.) 


From the Department of Pathology, Tulane University, New Orleans. 


Study of the stools of 50 healthy individuals, selected from 
various sections of New Orleans, was previously reported. 
B. dysenterie was recovered from the feces in 6 instances, or 12%. 
Of these 6 isolations, 5 were the lactose fermenting strain described 
by Duval’, and one was the true Shiga type. 

The present report completes the survey, which includes 50 addi- 
tional cases. The first group was selected from the public clinics, 


*Aided by a grant from David Trautman Schwartz Research Fund. 
1 Duval, C. W., J. Am. Med. Assn., 1904, 46, 381. 


INCIDENCE OF B. DYSENTERIAE 1273 


the last group studied comprised cases selected from private prac- 
tice. In the first group, the patients lived in various parts of the 
city, some under good, others under poor hygienic conditions; while 
those of the second group came from a less widely distributed area, 
and lived under much better hygienic conditions. 

The same technique as previously used was employed. Fresh 
stool specimens were obtained by proctoscopic examinations, were 
cultured in dextrose bouillon for from 2 to 3 hours, plated, and 
B. dysenterieé colonies subsequently searched for. The only varia- 
tion from the previous technique was that the patients were given a 
mild laxative about 6 to 8 hours before the stool specimens were 
obtained, and in 3 instances, repeated examinations were made of 
the ‘stool specimen. 

From each of the normal cases, blood specimens were obtained 

for the purpose of testing for specific agglutinins. The organisms 
used in the agglutination test were B. Flexner, B. Duval, B. Shiga, 
B. Hiss Y. In those instances where B. dysenterie organisms were 
recovered, they were tested with the homologous serum and serum 
from the experimental immunized animal. 
_ In 3 instances dysentery bacilli were isolated from the second 
group of 50 cases. This percentage is considerably less than in the 
first group selected from the public clinics. There is also a notable 
drop in percentage of the lactose fermenter, while B. Hiss Y., B. 
Flexner, were each encountered once. In previous studies carried 
out with dysenteric cases in the South, there has been a considerable 
number of B. dysenterie (Flexner) encountered and we might have 
expected to recover this organism more frequently. 

In 2 cases the patient’s serum agglutinated the isolated organism 
in a dilution of 1-100. In one case the isolated organism was agglu- 
tinated in a 1-25 dilution. 
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Pathological Changes in Liver Accompanying Intestinal Obstruction 
and Strangulation. 


WARREN H. COLE anp ROBERT ELMAN. (Introduced by Evarts A. Graham.) 


From the Department of Surgery, Washington Unwersity Medical School, and 
Barnes Hospital, St. Louis, Missouri. 


In an effort to determine whether or not a consistent significant 
damage in the liver is produced by intestinal obstruction and 
strangulation of the intestine, we produced these 2 conditions experi- 
mentally in 28 dogs by severing the intestine under aseptic technique 
and closing the ends, and by constriction of a loop (varying from 
2 inches to 12 inches in length) of intestine so that the lumen of the 
bowel and the entire blood supply were obstructed, respectively. 
The animals with simple obstruction lived for a variable length of 
time or were killed, 1 to 12 days after operation. This variability 
introduces an error since the ones killed may have lived a day or 2 
longer if left to die spontaneously. When a strangulation was pro- 
duced, death took place in 24 to 48 hours with considerably more 
uniformity, depending directly upon the length of the strangulated 
loop. 

There are few and conflicting reports on the effect of intestinal 
obstruction on the liver, Colp and Louria*, Seulberger®, Trinchera’. 

A definite and the most significant histological effect produced 
in the livers of dogs with simple intestinal obstruction consisted of 
central necrosis of the cells of the liver lobules with loss of nuclei 
and fragmentation of the cells. This change, although observed in 
nearly all animals in a mild form, was present to a marked degree 
in 54% of the dogs, and was occasionally present (11%) to the ex- 
tent commonly seen following certain fatal toxemias. A much more 
frequent change, but with questionable significance, was a widening 
of the sinusoidal spaces and thinning of the hepatic cells into cords 
of cells which had apparently retained their vitality. Occasionally 
the large sinusoidal spaces intervening between these cords of cells 
were filled with blood. Usually, however, only a small amount of 
blood, or none, was present. Cloudy swelling was of course present 
in varying degrees. The same kind and degree of pathological 


1Colp, R., and Louria, H. W., Arch. Surg., 1925, 10, 756. 

2 Seulberger, P., Beit. z. Klin. Chir., 1930, 148, 583. 

3 Trinchera, Carmelo, Ann. Ital. Chir., 1931, 10, 682, Abst. in Zent. f. d. ges. Chir., 
1932, 56, 294. 
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change was observed in animals dying from obstruction accom- 
panied by strangulation, except that the percentage of animals 
revealing the most marked damage was greater (27% as compared 
with 11%). Control biopsy at operation was done in each case. 

Hepatic function tests using 40 mg. phenoltetraiodophthalein* per 
kilo of body weight were performed on 16 occasions in animals 
with intestinal obstruction and on 6 occasions in animals with 
strangulation in addition to obstruction. In 29 control dogs the 
average retention was 9.8% in 5 minutes and 4% in 10 minutes, 
which is similar to the normal figures reported previously by 
Graham, Cole, Copher, and Moore.* The average of the 
readings on animals with intestinal obstruction at various stages of 
illness was 21% after 5 minutes and 10.6% after 10 minutes. The 
retention in animals ill with strangulation was slightly higher, i. e., 
24.5% and 12.5% for the 5 and 10 minute periods respectively. 
When an accidental infection such as local peritonitis or abscess was 
found, the retention figures were the highest. This observation 
agrees to a large extent with clinical data and suggests that the 
excretion test of hepatic function is more sensitive to infection 
within the liver than to any other pathological condition. It is possi- 
ble that there is an absorption of bacteria from the obstructed or 
strangulated intestine and that the resulting infection accounts for 
the hepatic changes we found. However we saw bacteria in con- 
siderable numbers in the liver in only 3 of our dogs. We realize 
however that they may have been present in many more. Cultures 
were not made. 

We also collected samples of lymph from the thoracic duct, portal 
blood and systemic blood before and after intestinal obstruction and 
strangulation and injected them into guinea pigs and mice intra- 
peritoneally. Although occasionally the samples obtained after 
obstruction and strangulation were more toxic than before the con- 
ditions were produced, the difference was so slight that the absorp- 
tion of a toxin from the obstructed or strangulated loop could not 
be assumed. 


4 Graham, E. A., Cole, W. H., Copher, G. H., and Moore, S., Diseases of the Gall- 
bladder and Bile Ducts, Lea and Febiger, Phila., 1928. 
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Combined Effect of Ephedrin and Atropin on Complete Heart 
Block. 


8S. N. CHEER, C. L. TUNG anp C. W. BIEN. 
From the Department of Medicine, Peiping Union Medical College. 


The use of ephedrin in complete heart block was first reported by 
Miller and later by Stecher. But the combined action of ephedrin 
and atropin on the human heart according to Chen and Schmidt" 
has never been investigated. 

A case of complete heart block without Adams-Stokes’ attacks 
was available to study its reaction to ephedrin alone. The patient 
was kept quiet in bed and undisturbed. Electrocardiograms were 
taken before and at frequent intervals after the administration by 
mouth of ephedrin. Blood pressure readings were made at frequent 
intervals and usually before the electrocardiograms, from which both 
auricular and ventricular rates were obtained. Results are shown 
in Table I. It will be seen that after the administration of 150 mg. 


TABLE I. 
Effect of Ephedrin on Complete Heart Block. 


(Ephedrin 0.09 gm. at 10:30 a.m., and 0.06 gm. at 10:50 a.m., a total of 0.15 gm. 
in 20 minutes.) 


Time. , Vent. rate Aur. rate B.P. 
a.m. per min. per min. mm. Hg. 

10:28 38 91 110/70 
10:40 38 82 110/70 
11:00 38 80 110/75 
11:20 37 80 115/75 
11:50 38 ad 115/75 
12:10 38 78 115/75 


of ephedrin in 20 minutes, there was no increase in ventricular or 
auricular rate, but an increase of 5 mm. Hg. in systolic and diastolic 
blood pressure. 

Different explanations have been offered for the negligible pressor 
effect occasionally encountered as in this case. Chen and Schmidt 
attributed the depressant effect of large doses of ephedrin either to 
direct depression of heart muscle, or to a difference in the quantity 
of “receptors” present in the individual. Kreitmair explained the 
difference on the basis that small doses of ephedrin stimulate the 
sympathetic nerve endings, while large doses stimulate the para- 


1 For literature, see references of Chen & Schmidt’s review of Ephedrin and 
Related Substances in Medicine, 1930, 9, 94. 
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sympathetic. However in animal experiments according to Fujii 
and Kreitmair this depressant action of ephedrin on the heart is not 
antagonized by atropin, while on the other hand Mehes and Kokas 
believed that the depressant effect was partly removed by atropin. 
To test the validity of these hypotheses in the clinical case, atropin 
was given after the patient had been ephedrinized. The results are 
shown in Table II. It will be seen that atropin hastens and intensi- 


TABLE II. 
Combined Effect of Ephedrin and Atropin on Complete Heart Block. 


' Time Vent. rate Aur. rate B.P. Remarks 
a.m. per min. per min. mm. Hg. 
9:08 37 94 110/70 Before ephedrin 
9:10 Ephedrin 0.09 gm. 
9:30 37 77 110/70 
19332 Hy 0.06 “ 

9:40 37 74 110/75 

10:00 38 69 115/80 

10:02 i Atropin 0.0009 gm. hypodermically 

10:05 150/100 

10:20 39 94 160/100 

10:45 40 115 160/95 

11:45 39 115 120/70 


fies the pressor effect but shortens the duration. Such combined 
action of ephedrin with atropin suggests that atropin neutralizes 
the parasympathetic effect that results either from the individual’s 
vagotony or from the stimulating action of ephedrin on parasym- 
pathetic nerves. If the lack of pressor effect after therapeutic doses 
of ephedrin is due to either limited quantity of “receptors” or de- 
pressant action of ephedrin as suggested by Chen, then atropin must 
increase if not in amount at least in sensitivity these “receptors” or 
abolish the depressant action of ephedrin on human heart. Two 
individuals with normal hearts were studied and found to have the 
same reaction as the patient. 

In order to exclude a possible abnormal reaction of this patient 
to atropin 2 mg. of atropin alone were given hypodermically. The 
results showed an increase of 30 beats in auricular rate, and a 
decrease in ventricular rate of 2 beats per minute. Both systolic 
and: diastolic pressure showed a fall of 10 mm. Hg. at the height of 
the effect. Evidently this patient reacted to atropin as usual. 
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6321 
The Precipitin-Ring Test Applied to Fungi.* 


GEORGE K. K. LINK, ADELINE DES. LINK, GEORGE L. CROSS ann 
HAZEL W. WILCOX. (Introduced by F. C. Koch.) 


From the Departments of Botany and Chemistry, University of Chicago. 


During a study of the phenomena of resistance and susceptibility 
of plants to pathic events, experiments have been made to determine 
whether serological techniques could be used as tools for the study 
of phytopathogenic microparasites, and of their parasitic and path- 
ogenic relations to plants. In the course of experiments from 1925 
to 1928 it was found that in many cases serological specificity of 
phytopathogenic schizomycetes as manifested in the agglutination 
test apparently is correlated with host, and even symptom specificity 
within the same host. Incidentally, Sharp made the first report of 
finding a smooth virulent, and a rough avirulent strain of a phyto- 
pathogenic bacterium, Phytomonas phaseoli sojense, which para- 
sitizes the soy bean plant.’ 

We chose next to determine whether serological techniques could 
be used in the study of phytopathogenic fungi and their nonpatho- 
genic taxonomic allies.+ To put the methods to severe test we chose 
to hegin with members of the form genus Fusarium, phytopatho- 
genically the most important genus of the division Phragmosporae 
of the so-called “fungi imperfecti”. According to Wollenweber’ 
this genus includes 64 species, with 79 varieties and 38 forms. 

. These have been arranged in 16 sections with 9 subsections, 12 of 


* The present investigation was aided in part by a grant to the University of 
Chicago from the Rockefeller Foundation. 

1 For a summary and literature citations of most of this work and of rele- 
vant work by others with phytopathogenic bacteria, see Link, G. K. K., Chap. 44, 
p. 590-606, in Jordan, E. O., and Falk, I. S., ‘‘The Newer Knowledge of Bac- 
teriology and Immunology,’’ University of Chicago Press, Chicago, 1928. 1196. 

t This work was begun by 2 of us (G. K. K. L. and A. DeS. L.) in 1927 with 
equipment provided us in the Department of Hygiene and Bacteriology through 
the courtesy of Dr. W. H. Taliaferro. In 1929 a grant was received from the 
Rockefeller Foundation, and since then the work has been carried on uninter- 
ruptedly with the assistance of Dr. George L. Cross (1929-1930) and of Hazel 
W. Wilcox (1930-—). Upon completion of the New Botany Laboratory, made 
possible in part by a grant to the University from the General Education Board, 
the work has been carried on in the Botanical Laboratories. 

2 Wollenweber, H. W., Fusarium Monographie, Fungi parasitict et saprophy- 
tict. Z. fiir Parasitenkunde. Abt. F. Zeitschrift fiir wissenschaft. Biol., 1931, 
8, 19. 
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the sections including members for which the perfect ascomycete 
stage is known. This genus includes many parasites which are part 
of the etiological complex of interesting and economically important 
plant diseases. Identification and classification of the Fusaria is 
often difficult or impossible because when grown on artificial media 
they may fail to produce the characteristic structures necessary for 
their differentiation. 

The work was begun with 2 species, F. conglutinans, incitant of 
cabbage yellows, and F. cubense, incitant of banana wilt. In the 
course of the past 5 years, as different problems of technique arose, 
19 species of Fusarium have been used as inject and/or as test 
antigens against all the others. These are: F. anthophilum, F. ar- 
gillaceum, F. conglutinans, F. cepae, F. cubense, F. decemcellware, 
F. dimerum, F. fructigenum, F. gramunearum (Gibberella Saube- 
netu), F. gavanicum, F. lycopersici, F. monsliforme, F. nivale, F. 
ossiculum, F. oxysporum, F. semutectum, F. sporotrichioides, F. 
theobromae, and F. trichothecioides. In addition F. conglutinans 
var. callestephi, 2 strains of F. cubense, and one strain of G. Saube- 
netir have been used. F. acuminatum, F. sambucinum, one species 
each of Ramularia and of Cylindrocarpon, C. album, one strain of 
Sclerotinia sclerotiorum, and the + and— strains, singly and joint- 
ly of Neurospora tetrasperma have been used as inject and/or as test 
antigens, against the antiserum of one or more of the other inject 
antigens. 

Since no serological studies of these organisms were reported 
until our work was in progress* considerable preliminary experi- 
mentation had to be done. The following problems have been in- 
vestigated : 

1. Search for a suitable protein-free medium revealed that 
Richard’s solutiont could be used for all the fungi tested. Good 
mats usually developed in subdued light at 20-30°C. in 3-4 weeks. 

2. A method has been developed for recovering the fungus mats 
from these cultures, drying them with a minimum of autolysis, and 
rapidly preparing fungus powders which pass a 100 mesh sieve. 

3. Studies were made to determine the best treatment of pow- 
ders to obtain saline extracts with maximum antigen content. 


3 Coons, G, H., and Strong, M. C., Mich. Acad. of Sciences, Arts and Letters, 


1929, 9, 65. 
f gm. gm. 
Sucrose 33.3 KH,PO, 3.3 
KNO, 6.6 Mgso ) 17 


H,O (distilled) 1000.0 ce. 
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4. Experiments were made to determine the relative merits of 
agglutination, precipitin, and precipitin-ring tests. The last was 
found to be the most feasible. 

5. Micro-Kjeldahl analyses were used as a basis for calculation 
of the amounts of protein in each powder and saline extract in an 
attempt to correlate the amount of protein in the inject and test 
antigens and the titres obtained in the serological tests. 

6. The relative merits of intravenous and/or intraperitoneal 
injection of rabbits were determined. Intravenous injection of the 
clear saline extracts of the powders and intraperitoneal injection of 
saline re-suspensions of the extracted residues were found best. 

7. For the production of most specific titres the optimal dosages, 
intervals of injection, and bleeding after sensitization were deter- 
mined. 

8. The effect upon the quality and titre of the antisera of age, 
moulting, and temperature of environment of the rabbits, as well 
as the effect of temperature and time upon the antisera im vitro were 
determined. 

9. Studies were made to determine the best method of preparing 
test antigens suitable for the precipitin-ring test. Grinding of the 
powders with ligroin-extracted pumice and their subsequent ex- 
traction with petrol ether (ligroin, B.P. 30-60°C. Max. B. P. 80°) 
preliminary to extraction at 0°C. with saline for 18 hours, followed 
by centrifugation and filtration through coarse filter paper, were 
found adequate to yield clear, potent test-antigens. 

10. Studies were made of the layered tubes with respect to the 
incubation temperature and reading intervals most conducive to de- 
tection of clear rings and maximum titres. 

11. Tests were made to determine the relative efficacy of undi- 
luted antisera, and of antisera diluted with glycerine, glucose, and 
hypertonic salt solution, when tested against progressive dilutions 
of the test antigens. The undiluted antisera were most satisfactory. 

12. Test antigens were prepared with buffered saline solutions 
to determine the effect of pH upon the range and specificity of the 
reactions. 

13. Absorption tests were made to differentiate between closely 
related antigens. 

14. A study of skin tests has been begun to further investigate 
correlation of serological and morphological relationship of the 
fungi. 

All fungi tested are antigenic as determined by the precipitin-ring 
test. Titres up to 1 :25,600 have been obtained. 
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All but one of the animals tested (120) produced antisera. The 
normal sera of very few (2) gave feeble reactions above the lower 
dilutions (1:200) of the test antigens.§ 
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Influence of Acute Infection and of Artificial Fever on Plasma 
Lipoids. 


IRVINE MO QUARRIE anp A. V. STOESSER. 


From the Department of Pediatrics, University of Minnesota Medical School. 


During another investigation on the lipoids of the plasma in 
children, it was observed in several instances that values for lecithin, 
cholesterol and total fatty acids were all markedly influenced by 
acute infections. Although the literature revealed the fact that 
cholesterol has previously been found to be lowered in certain acute 
infectious diseases” * and in tuberculosis,* * little is actually known 


§ We are indebted to Dr. John R. Johnston of the United Fruit Company, and 
to Dr. W. H. Taliaferro of the Department of Hygiene and Bacteriology, for 
aid in obtaining various strains of Fusariwm cubense; to Dr. Alice A. Bailey of 
the Cooperative Laboratory of the Office of Horticultural Crops, United States 
Department of Agriculture, and of the Botany Department of the University of 
Chicago, for most cultures of the fungi used and for helpful suggestions; to Dr. 
C. D. Sherbakoff of the Tennessee Agricultural Experiment Station for cultures of 
Ramularia and Cylindrocarpon; to Dr. H. H. Whetzel of Cornell University for 
a culture of Sclerotinia sclerotiorum; to Dr. B. O. Dodge of the New York Botanic 
Garden for cultures of Neurospora tetrasperma; to Dr. A. 8. Dahl of the Green 
Section of the United States Golf Association for a culture of F. nivale; to Miss 
Helen Johann of the Office of Cereal Crops, United States Department of Agri- 
culture, for cultures of Gibberella Saubeneti. 

We are also indebted to Dr. W. H. Taliaferro for use of space and equipment in 
the Department of Hygiene and Bacteriology and for helpful suggestions, and to 
Dr. F. C. Koch for use of space and equipment in the Department of Physiological 
Chemistry and for helpful suggestions relative to preparation of powders and to 
micro-kjeldahl determinations of nitrogen. 

Finally we are grateful to the Rockefeller Foundation for the grant which 
made continuation and enlargement of this research possible, and to the Commit- 
tee of the Biological Division of the University of Chicago, which recommended 
this research for a grant. 

1 Denis, W., J. Biol. Chem., 1917, 29, 93. 

2 Kipp, H. A., J. Biol. Chem., 1920, 44, 215. 

3 Hichelberger, L., and McCluskey, K. L., Arch. Int. Med., 1927, 40, 831. 

4 Henning, B. H., J. Biol. Chem., 1922, 54, 167. 
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regarding the significance of this change and practically no informa- 
tion is available regarding the effect of infection on the lecithin and 
total fatty acid levels in the blood. 

The various lipoid fractions have been determined by the methods 
of Bloor® ®* in 15 children with various acute infections, first at 
the height of the disease and again after recovery. To ascertain 
the influence of fever per se as against that of the other effects of 
infection, determinations were made before, during and after the ar- 
tificial production of fever, in one case of dystonia progressiva de- 
formans by use of phenylethylhydantoin and in one case of chronic 
arthritis by diathermy. Determinations were also made before, 
during and after high fever on 2 occasions in each of 3 congenitally 
syphilitic children, who were inoculated with plasmodia malariae 
as a therapeutic measure. No particular attention was given to the 
factor of diet in the first 7 cases with acute infection, but in the 
other 13 cases studied a standard diet was given several days before 
and throughout the entire period of observation. The diet con- 
tained adequate amounts of vitamins and water and 2 gm. each of 
protein and fat and 5 gm. of carbohydrate per kilo of body weight. 
The 15 cases with acute infection were distributed as follows: Un- 
complicated pneumonia, 6; pneumonia complicated by mastoiditis, 
otitis media or empyema, 3; uncomplicated acute tonsillitis and naso- 
pharyngitis, 3, and one each of acute appendicitis, acute otitis 
media and acute rheumatic fever. . 

The results may be briefly summarized as follows: In every case 
of acute infection studied there was at the height of the disease a 
definite lowering of cholesterol, lecithin and total fatty acid. In all 
but one case the values became definitely subnormal but rose again 
to normal during convalescence. There appears to have been no 


constant relationship between the height of the fever and the degree: 


of hypocholesterinemia or hypolecithinemia in these cases. Diet 
had no demonstrable influence on the results. The average value for 
the cholesterol at the height of the infection was 120 with variations 
between 61 and 175 mg. per 100 cc. of plasma. Corresponding 
figures for the lecithin at the time of the infection were, average 
98, low 60, and high 150 mg. per 100 cc. The average value for 
cholesterol after recovery was 196 mg., while that of lecithin was 
170 mg. per 100 cc. of plasma. Changes in the total fatty acid 
values paralleled those for the cholesterol and lecithin fairly closely 
5 Bloor, W. R., J. Biol. Chem., 1916, 24, 227. 


6 Bloor, W. R., J. Biol. Chem., 1928, 77, 53. 
7 Bloor, W. R., J. Biol. Chem., 1929, 82, 273. 
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in most instances. The total leucocyte count tended to vary inverse- 
ly with the lipoid content of the plasma. 

The 3 cases of congenital syphilis showed definite hypocholes- 
terinemia during the course of malarial infection but there was no 
significant difference between the values obtained at the height of 
the paroxysm and those found during the afebrile intervals. But 
one sample of plasma was taken after disappearance of the malaria 
under quinine therapy. This showed a rise in cholesterol from 85 
to 170 mg. per 100 cc. The lecithin and total fatty acids remained 
within normal limits at comparatively constant levels in these 3 
cases. That elevated body temperature per se is not responsible for 
the lowering of the various lipoid constituents is indicated by the 
fact that fever artificially produced by phenylethylhydantoin failed 
to have any such effect. The values in the 2 subjects examined 
were in the upper reaches of the normal zone before the hyper- 
thermia was produced and remained at the same or at slightly higher 
levels during and after the febrile periods. 


6323 
Effect of Sprint Running on the pH of Venous Blood. 


E. P. LAUG, J. A. NAVE anp N. D. PERSON. 
(Introduced by H. C. Bazett.) 


From the Department of Physiology, University of Pennsylvania Medical School. 


Severe exercise which taxes the human organism to its limits has 
been shown to produce very profound changes in the blood. In 
these preliminary experiments, venous blood from 3 runners was 
obtained. As soon as possible after the run, blood from arm veins 
was drawn without CO, loss into syringes containing carefully neu- 
tralized potassium oxalate. The syringes were iced and immediately 
transported to the laboratory where the pH of the whole blood was 
determined at 38° C. with a glass electrode. The exercise consisted 
of running 440 and 880 yds. without competition. The runners were 
in different states of training, but the small number of determina- 
tions does not justify an attempt to correlate change in blood pH and 
muscular ability. The chief interest is that these pH values of 
blood after such severe exercise are probably some of the most acid 
ever obtained in normal subjects. 

Great difficulties were encountered in drawing blood samples 
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immediately after the exercise, due to almost total absence of skin 
blood and collapse of the superficial veins. In order to facilitate 
collection of blood, stasis was applied in several instances. But 
control experiments indicated that such a procedure must be avoided 
if correct results are to be obtained. However, stasis for 45 sec. 
during resting conditions, does not seem to induce any very marked 
effects. 

It is also to be noted that there appears a rough correlation 
between the severity of the run as determined by the time perform- 
ance and the degree to which the pH is depressed. The return to 
normal pH is in general comparatively slow, at least within the first 
5 minutes after the exercise. 

The following is example of 1 series of tests:, 


TABLE I. 
Sample obtained 
after end Stasis 
Date Run Timed of exercise applied pH 
Time Time 
1932 Yds. Min. Sec. Min. Sec. Min. Sec. 
Subject, J. A. N. 
Apr. 25 440 1 3 1 15 1 15 7AS 
May 3 440 59 30 No stasis 7.15 
4 6 iy 7.19 
betel (8) 440 58 50 30 7.13 
2 30 Li 7.02 
4 45 30 7.00 
dads bf 440 57 1 30 7.16 
f 2 20 1 7 7.07 
5 12 30 “ata 
Ao) Normal Resting No stasis 7.38 
HH it 45° 7.38 
Subject, M. D. P. 
Apr. 25 440 1 1 15 1 15 6.95 
Apr. 26 440 54 if 40 No stasis 7.04 
May 3 440 59 2 26 ss 7.20 
May 13 440 1 40 ff 7.14 
1 50 45 7.13 
May 19 880 2 6 1 5 No stasis 6.98 
2 5 1 20 6.85 
5 25 No stasis 6.98 
May 20 Normal Resting No stasis 7.39 
Subject, W. : 

May 5 440 58 30 30 6.95 


i 5 No stasis 7.22 
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Calcium and Nitrogen Content in Urine of Normal and Cancer 
Mice. * 


I. A. PARFENTJEYV. 


From the Department of Pathology, Washington University School of Medicine, 
St. Louis. 


Crocker mouse sarcoma 180 represents a very stable type of 
tumor. After inoculation into the strain of mice used by us the 
tumor grows in 95-98% of the animals. Its rate of growth is very 
rapid. The animals usually die about 6 weeks after transplantation. 

We observed that the composition of the urine of the sarcoma 
mice differs in certain respects from that of the urine of normal 
mice. The urine of normal mice gives a copious precipitate on 
addition of metaphosphoric, acetic acid (Bang’s reagent) or sulpho- 
salicylic acid; this precipitate is markedly diminished in the urine 
of mice previously inoculated with sarcoma 180. Before the addi- 
tion of the precipitating reagent, the urine was filtered or centri- 
fuged and the supernatant fluid decanted. The urine of mice has a 
pH 5.6. After filtration the urine still remains opalescent. Follow- 
ing addition of a diluted mineral acid the urine becomes turbid. 

We observed that the addition of sodium fluoride preceding the 
addition of the precipitating reagent inhibits the formation of the 
precipitate in the urine of normal mice which otherwise takes place 
under the influence of metaphosphoric acid. This indicated the 
importance of calcium in the production of the precipitate. 

We compared therefore the concentration of calcium in urine of 
150 normal and 150 sarcoma mice. Amount of Ca in mg. per I cc. 
of urine: Normal mice, 0.056-0.13; cancer mice, 0.023-0.042. 

Urine of cancer mice contains therefore a smaller amount of 
calcium than urine of normal mice. It was possible to increase the 
amount of calcium in urine, normal as well as of cancer mice, by the 
previous oral administration of calcium salts to the animals. Thus 
after oral administration of 0.1 gm. of calcium gluconate in 2 cc. 
H.O we found in 1 cc. of urine of a sarcoma mouse collected during 
the following 12 hours 0.5 mg. Ca. After oral administration of 
0.025 gm. of calcium gluconate in 2 cc. H2O, I cc. of urine collected 
during the following 12 hours contained 0.18 mg. Ca. 


*These investigations were carried out partly with the aid of a grant for research 
in science made to Washington University by the Rockefeller Foundation. I wish 
to express my thanks to Dr. Leo Loeb for his suggestions during the course of these 
experiments. 
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The precipitate obtained from the urine, of mice by metaphos- 
phoric or acetic acid is insoluble in cold water, in 70% alcohol and 
in dilute acids, but it is readily dissolved in weak and strong alkali 
as well as in strong mineral acids. The precipitate dissolved in weak 
alkali-could easily be reprecipitated by addition of weak acids. The 
fact that such a precipitate could be obtained from urine of mice by 
means of metaphosphoric acid, acetic acid, or sulphosalicylic acid, 
and furthermore the positive Heller’s ring test with urine, as modi- 
fied by Roberts, indicates the presence of protein in the urine of mice. 

The biuret test with the precipitate is likewise positive. 

The total nitrogen content of urine of mice amounts to 25-30 mg. 
of N per tcc. of urine. We then made a separate analysis of nitro- 
gen content of the precipitate and of the supernatant portion of the 
urine in which precipitate had been produced with acetic acid 
(Bang’s reagent). From the data obtained it was possible to cal- 
culate the amount of coagulable and noncoagulable nitrogen in the 


total urine. 
Amount of nitrogen in mg. in 1 cc. of urine. 
Coagulable N (corresponding 


to N of precipitate) Noncoagulable N. 
Normal mice 5.6-10 20-24 
Cancer mice 2 - 3 19-25 


These results indicate that after transplantation of sarcoma 180 
there takes place in the urine of tumor mice (1) a diminution in the 
concentration of calcium; (2) a diminution in the amount of 
coagulable nitrogen. 
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Ineffectiveness of Calcium, Potassium, and Magnesium Salts Against 
Symptoms of Anaphylactic Shock. 


SAMUEL H. HURWITZ anp ARTHUR L. WESSELS. 


From the Departments of Medicine and Pharmacology, Stanford University 
School of Medicine. 


It is well known that changes in the balance of calcium and po- 
tassium ions may produce definite effects upon the neurocellular 
responses of animals and man. Warnant,’ and Thornton and Gil- 
lespie® have shown that such alterations in the concentration of 


1 Warnant, H., Arch. Internat. de Pharm. et de Therap., 1930, 27, 61. 
2 Thornton and Gillespie, cited by Bray, G. W., Recent Advances in Allergy. 
Blakeston’s. 1931. p. 27. 
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these ions may influence the bronchiolar reactions of the isolated 
perfused lungs of animals; addition of calcium to or a reduction of 
potassium in the perfusion fluid resulting in bronchoconstriction. 
With magnesium alone Warnant obtained bronchodilation. In in- 
tact animals, Anderson and Rosenau® showed that magnesium did not 
in any way affect the fatal outcome of anaphylactic shock. 

The experiments here recorded were undertaken to obtain further 
knowledge concerning the value of calcium, potassium, and mag- 
nesium salts as protective agents against the symptoms of anaphy- 
lactic shock. Thirty-three sensitized guinea pigs were used: 15 
animals were injected with calcium lactate (0.7 to 1.5 gm. per kilo), 
9 with potassium chloride (20 to 30 mg. per kilo.) and 9 with mag- 
nesium sulphate (0.7 to 1.0 gm. per kilo). The salts were admin- 
istered intramuscularly and the dosage so chosen that a maximum 
effect would result without masking the symptoms of shock. The 
interval of time between the injection of the salt and the critical 
dose of horse serum varied from 20 to 40 minutes. That the doses 
selected were large was shown by the death of a number of unsen- 
sitized control animals within 24 to 48 hours after the salts were 
given. Magnesium sulphate usually produced marked muscular 
relaxation and some anesthetic effect; calcium and potassium 
however, gave rise to no immediately discernible clinical symptoms. 

The technic used for sensitization and production of shock was 
the same as that recorded in previous studies: the animals were 
sensitized by the intraperitoneal injection of 1 cc. horse serum, and 
shocked after an incubation period of 2 to 3 weeks by the intra- 
cardiac injection of 0.5 cc. serum. Control observations of this 
procedure carried out in connection with other experiments* showed 
a mortality of about 85%. Compared with this control mortality, 
the animals given preliminary injections of the calcium, potassium, 
and magnesium salts showed about the same mortality rate. Of the 
guinea pigs given calcium lactate 80% died; in the potassium chlo- 
ride series 88% succumbed; and all animals given magnesium sul- 
phate died in anaphylactic shock. 

It would appear, therefore, that changes in the cellular concen- 
trations of calcium, potassium, and magnesium ions produce no 
effect on the fatal outcome of anaphylactic shock. Injections of 
magnesium sulphate, moreover, resulted in a higher mortality 
(100%) despite its central depressant action. In this respect it 


8 Anderson, J. F., and Rosenau, M. J., J. Med. Res., 1909, 21, N. S. 16, 1. 
4 Hurwitz, S. H., and Wessels, A. L., Proc. Soc, Exp. Biot. AND MED., 1932, 
29, 1016. 
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differs markedly from phenobarbital, whose’ central depressant ac- 
tion we have found* to reduce the mortality from anaphylactic 
shock by over 50%. 
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Intranuclear Inclusions in Pertussis. 


HAROLD ANDERSON MC CORDOCK. 
From the Department of Pathology, Washington Unwersity School of Medicine. 


For many years pathologists have been interested in a peculiar 
type of pneumonia that frequently complicates certain epidemic dis- 
eases, termed interstitial bronchopneumonia because of the cellular 
infiltration in the walls of the bronchioles and alveoli, and commonly 
seen in epidemic influenza, measles and pertussis. Dr. Muckenfuss 
and I* have been impressed by the similarity of the pneumonia 
produced by vaccine virus in the rabbit’s lung to human interstitial 
pneumonia. We, therefore, suspected that a virus might be con- 
cerned with human interstitial pneumonia in measles, influenza and 
whooping cough. Measles is a virus disease, and many investiga- 
tors now believe that the primary etiological agent of epidemic in- 
fluenza may also be a virus. On the other hand, the Bordet-Gengou 
bacillus is almost universally regarded as the etiological agent of 
pertussis; although a critical study of the relation of this bacterium 
to the disease reveals many discrepancies. (Lowenthal and St. 
Zurukzoglu.”) Furthermore, a vaccine prepared from the bacillus 
is of doubtful value both as a prophylactic and as a curative agent. 
Pertussis sometimes is complicated by encephalitis, as are the known 
virus diseases such as measles and vaccinia. Finally, the interstitial 
character of the pneumonia associated with pertussis is similar to 
that seen in other virus diseases and therefore suggests the possi- 
bility of a virus in pertussis also. 

Since inclusion bodies are associated with many virus diseases, 
we examined the sections from 35 cases of pertussis and found in- 
tranuclear inclusions in the lungs of 12. These were found in the 
cells lining the alveoli as well as in the bronchial epithelium. The 
cells containing the inclusions were always larger than their neigh- 


1 Muckenfuss, R. 8., MeCordock, H. A., and Harter, J. S., Am. J. Path., 1932, 
8, 63. 
2 Lowenthal, W., and St. Zurukzoglu, Kolle wu. Wassermann, 1928, 5, 1271. 


ae 


ee 


INTRANUCLEAR INCLUSIONS IN PERTUSSIS 1289 


bors and their cytoplasm more basophilic. Ina few cases, they were 
found in liver cells about areas of necrosis and, under the same cir- 
cumstances, in cells of the adrenal. They have been observed also 
in the mucous glands of the smaller bronchi. These inclusions are 
acidophilic, and a clear zone separates the inclusion from the nuclear 
membrane to which small fragments of chromatin are often found 
adhering. 

As control material we examined the organs from 90 autopsies, 
in none of which pertussis had been diagnosed. Of these, 78 were 
children dying of various diseases, including measles, diphtheria 
and epidemic influenza. and 12 were adults who succumbed to in- 
fluenza during the 1918-19 pandemic. In the lungs of 2 of the in- 
fants, 4 and 5 months old, similar inclusions were found. In each 
instance there was present also a peribronchial infiltration with 
large mononuclear cells and lymphocytes. 

The presence of these inclusion bodies in slightly more than one- 
third of all the cases of pertussis and their absence in all but 2 of 
the 90 control cases seems significant. 

Intranuclear inclusions not unlike those described here in asso- 
ciation with pertussis have been found in various organs by a num- 
ber of investigators. Jesionel and Kiolemenoglou® first reported 
them in the lungs, liver and kidneys of a premature syphilitic foetus. 
Farber and Wolbach,* reviewing the literature, tabulate 8 reported 
cases in which such inclusions were found in the lungs and add 2 
more of their own. Von Glahn and Pappenheimer’ report inclu- 
sions in the organs of a man 36 years old, but all the other reported 
instances noted in the lungs, concerned either stillborn foetuses or 
infants under 2 months of age. Pneumonia or interstitial cellular 
infiltration was reported in only 2 cases, namely those of Smith and 
Weidman® and of Goodpasture and Talbot.’ In none of these 10 
cases in which inclusions occurred in the lungs is there any mention 
of pertussis. However, Feyrter® reported intranuclear inclusions in 
the lungs of an infant 2% years of age, whose fatal illness had been 
pertussis. Our cases of pertussis in which inclusions were present 
in the lungs outnumber all the other reported cases in which they 
have been observed in that organ. 

3 Jesionel and Kiolemenoglou, Miinchen. med. Wehnschr., 1904, 48, 1905. 

4 Farber, S., and Wolbach, 8. B., Am. J. Path., 1932, 8, 123. 

5 Von Glahn, W. C., and Pappenheimer, A. M., Am. J. Path., 1925, 1, 445. 

6 Smith, A. J., and Weidman, F. D., Am. J. Trop. Dis., 1914, 2, 256. 


7 Goodpasture, E. W., and Talbot, F. B., Am. J. Dis. Child., 1921, 21, 415. 
8 Feyrter, F., Frank. Z. f. Path., 1927, 35, 213. 
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1. Lung with several intranuclear inclusions in the cells lining the alveoli. 
2. Focal necrosis of liver with inclusion in liver cell. 

3. Oil immersion micrograph of an inclusion shown in Fig. 1. 

4, Lung, showing 3 inclusions. One cell is free in the-alveolus. 
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It is impossible to decide in what way, if at all, the intranuclear 
inclusions we have found so frequently in pertussis are related to 
those already described in a variety of pathological conditions. 
Inclusions have not yet been observed in the salivary glands from 
cases of pertussis, but in only 3 instances have these organs been 
available for examination. 

The presence of intranuclear inclusions in the lungs in such a 
high percentage of our cases of pertussis and their infrequency in a 
variety of other childhood diseases indicate that they are intimately 
associated with whooping cough and suggest that the possible role 
of a filterable virus must be considered in this disease. 
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Note on the Cultivation of the Typhus Fever Rickettsia. 


CLARA NIGG anp K. LANDSTEINER. 


From the Laboratories of the Rockefeller Institute for Medical Research. 


In our recent paper’ on the cultivation of the typhus fever rickett- 
siae. it was stated that ‘of several tissues tested, only tunica and 
peritoneum gave satisfactory results in the medium described.” Since 
then, we have succeeded in obtaining good growth with guinea pig 
testicle and kidney tissues in the serum Tyrode medium. Multi- 
plication also occurred when various other tissues (guinea pig brain, 
heart, adrenal, lung, spleen, embryo) were used. 

In these experiments, phenol red was added to the Tyrode solu- 
tion in order to follow changes in reaction, as produced by the tis- 
sues during the incubation of the cultures. By reducing the amount 
of tissue in the medium, it was possible to retard the change in reac- 
tion, a circumstance which in our opinion may be significant in 
obtaining positive results. 


1 Nigg, C., and Landsteiner, K., J. Hap. Med., 1932, 55, 563. 
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Paradoxical Increase of Phosphatase Activity in Preserved Serum. 


AARON BODANSKY. (With the assistance of Lois Hallman.) 
From the Laboratory Diwision of the Hospital for Joint Diseases, New Yorks City. 


In the course of examination of the liability of serum phosphatase 
several samples of serum were saved for 24 hours under ordinary 
laboratory conditions (for about one-half to 1 hour at room tem- 
perature and in the refrigerator thereafter). It was expected that 
the phosphatase values would be similar to or lower than the values 

In the course of examination of the lability of serum phosphatase 
found in fresh serum. The following data, typical of results obtained 
in about 30 different comparisons, will show unexpectedly increased 
values. 


TABLE I. 
Inorganic phosphorus is stated in mg., and phosphatase in units per 100 cc. of serum. 
Sample Inorganic P Phosphatase 

No. | Fresh 24 hrs. Fresh 24 hrs. % Inc. 

210 8.6 8.7 8.8 10.5 19,3 

222 8.2 8.1 5.0 5.8 16.0 

223 9.3 94 6.5 7.0 76 

213 Wed ae 13.6 16.4 20.5 

ji 2.5 4 49.0 52.5 7.2 

Jo 5.2 es 10.2 12.5 23.0 


In these tests the differences between the 24-hour serum and the 
fresh serum phosphatase activities were greater than discrepancies 
usually found in determinations performed simultaneously upon 
2 samples of the same serum (about 2%, rarely as high as 5%), 
and they were all im the same direction. It may be noted that the 
inorganic phosphorus in the preserved serum remains unchanged. 

The interest of these results lies in their unexpectedness. Under 
the conditions of the test’ * the assumption of an increased pH 
causing increased phosphatase activity is excluded (1) because our 
buffer maintains a pH constant during hydrolysis at about 8.7 and 
(2) because any slight increase in the pH that might occur with 
the preserved serum could not cause increases of phosphatase activ- 
ity as great as those observed. It is possible (1) that during the 24 
hours intervening between the separation of the serum and the 
analysis some factor inhibiting phosphatase activity is destroyed; 
(2) that a component of serum phosphatase is activated; or (3) 


1 Bodansky, A., Proc. Soc. Exp. Biot. AND Mep., 1931, 28, 760. 
* Bodansky, A., and Jaffe, H. L., Proc. Soc. Exp. Brot. anp Mep., 1931, 29, 199. 
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that substances are formed which further phosphatase activity. 
However, the mechanism and significance of this apparent increase 
in phosphatase activity of preserved serum remain to be elucidated. 
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Diuretic Action of Sodium Fluoride. 


LEO GOTTLIEB anp SAMUEL B. GRANT (Introduced by D. P. Barr). 


From the Department of Medicine, Washington University, St. Louis. 


During a study of the effect of sodium fluoride on the thyroid 
gland of dogs, we noted that the animals had a pronounced increase 
of urine output after intravenous injection of the drug. Goldenberg 
had similarly noted a diuresis in goiter patients treated with sodium 
fluoride’. The present study was undertaken to further investigate 
this diuretic action. 

Dogs were placed in metabolism cages and given a weighed diet 
of Purina Dog Chow to fulfill the food requirements and to provide 
a constant ingestion of salt and protein. Water was given in suffi- 
cient, but constant, daily amounts. After a control period, during 
which the body weight, urine output, urine chlorides and total urine 
nitrogen were determined daily, sodium fluoride in 1% aqueous 
solution was injected intravenously. The effect is shown in the 
following charts. The experiment was repeated and confirmed in 
six different animals. 
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1 Goldenberg, Leon, Presse medicale, 1930, 38, 1751. 


1294 PROCEEDINGS 


Single doses of 0.005 gm. to 0.020 gm. per kilo of body weight 
were followed by a pronounced diuresis. In addition to an increased 
water output, the urine chlorides and nitrogen were strikingly 
increased. The control urine was acid, but, after sodium fluoride, 
it was strongly alkaline to litmus and this alkalinity persisted for 
approximately one week after the injection. The non-protein nitro- 
gen of the blood has not been fully studied, but in one animal the 
only change noted was an increase from an average of 31 mg.% to 
36 mg. % during the diuresis. This is possibly due to dehydration 
and blood concentration. Examination of the urine, including a 
catheterized specimen, revealed no albumin, sugar, casts, leukocytes 
or erythrocytes. The kidneys of dogs that had received varying 
doses of NaF, including one animal that had been given 0.02 gm. 
per kilo of body weight daily for 41 days, showed no microscopic 
evidence of damage to either glomeruli or tubules. In the animal 
that had received daily doses for almost 6 weeks, the glomeruli were 
mildly hyperemic. 
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Iodine Content of Certain Pathological Bloods in a Goiterous 
Region. 


R. G. TURNER. (Assisted by Mina Z. Weeks.) 


From the Department of Medical Research, Detroit College of Medicine and 
Surgery. 


The conflicting findings of previous investigators as to what actu- 
ally constitutes a normal iodine concentration in the blood and the 
various opinions regarding pathological iodine led us to study the 
iodine in diabetic patients, those suffering from thyroid disease, 
and of a number of pathological cases not directly associated with 
the endocrine system. Diabetic cases were considered because of 
the close similarity of this disease, experimentally and clinically, to 
hyperthyroidism. 

The results of iodine estimation on 101 pathological bloods are 
presented as estimated by the author’s method’. The investigation 
includes determinations on 13 diabetic in patients, 54 diabetic out 
patients, 15 hyperthyroid cases, 4 hypothyroid cases, and 15 miscel- 
laneous cases. Of the diabetic in patients 46.1% are within the 


1 Turner, R. G., J. Biol. Chem., 1930, 88, 497. 
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normal range, averaging 10.7 y %, 23.1% are subnormal, averaging 
7.5 y %, and 30.8% are above normal, with an average of 29.2 y %. 
Of the diabetic out patients 25.9% show values in the normal range, 
averaging I1.3 y %, 46.3% below the normal range, averaging 
6.3 y %, and 27.8% above normal, averaging 60 y %. In the hyper- 
thyroid cases 33.3% fall within the normal range with an average 
of 11.5 y % and 66.7% of the cases show a supernormal value, 
averaging 86.8 y %. Of the 4 hypothyroid cases all gave figures 
within the normal range with an average of 10 y %. In the miscel- 
laneous pathological cases, 60% have a normal blood iodine concen- 
tration, averaging 11.6 y %, 26.7% are below normal, averaging 
6.1 y %, and 13.3 % above normal, averaging 66.8 y %. Of the 
IOI cases studied 53.1% are within the normal range with an aver- 
age figure of 11.0 y %, 32% are subnormal, averaging 6.7 y %, and 
34.6% above the normal range, averaging 60.7 y %. All normal 
or non-pathological cases were within the normal range, averaging 
IlL.Oy %. 

A number of investigators have described cases of exophthalmic 
goiter and diabetes mellitus in the same patient. A review of the 
literature, however, convinces one that this combination is not com- 
mon. Joslin® observed that exophthalmic goiter preceded diabetes 
in 5 out of 28 cases. In his series he found that hyperthyroidism 
preceded the diabetes more commonly when it was primary (exoph- 
thalmic goiter) than when it was secondary (toxic adenoma). 
Lawrence* and Thomson’ treated cases of acute Grave’s disease with 
insulin and noted a marked improvement, the thyroid decreased in 
size and other clinical symptoms disappeared. Sturm’ showed that 
the thyroid gland liberates iodine into the arterial blood intermit- 
tently and that sympathetic stimulation increases the circulation. 
Logically one would assume that this is what occurs in diabetes when 
high iodine values are encountered. The opinion is expressed that 
the subnormal values found are not considered pathological but 
probably result from a change in the iodine content of the diet. The 
diabetic out patients as well as in patients are placed on special diets. 
A study has not been made of the iodine content of these diets as 
compared to the average diet of a normal individual. Scheringer’ 


2 Joslin, HE. P., ‘‘The Treatment of Diabetes Mellitus,’’ 4th edition. Lea and 
Febiger, Philadelphia. 1928. 878. 

8 Lawrence, R. D., Brit. Med. J., 1924, 2, 753. 

4 Thomson, A. P., Brit. Med. J., 1924, 2, 876. 

5 Sturm, A., Deutsch. Arch. klin. Med., 1928, 161, 129, 

6 Scheringer, W., Deutsch. Med. Woch., 1931, 22, 883. 
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found the iodine content of the blood of normal persons receiving 
iodine-poor diets to average 8 y %. Our findings show an average 
of 6.7 y % for all pathological cases studied that showed a blood 
iodine concentration of less than our normal finding, 9 to 15 y %. 
The subnormal values found are believed to be due to lowered ex- 
ogenous iodine. 

In hypothyroid or hyperthyroid cases the patients are not placed 
on special diets for long periods of time. None of the 19 cases 
examined showed a subnormal iodine content of the blood. Of the 
goiter cases only 33% were within the normal range, the remainder 
showing levels greater than 9 to 15 y %. ‘The findings show that 
in exophthalmic goiter cases the blood iodine content ranges 2 to 3 
times the normal, in toxic adenoma with hyperthyroidism it may 
range as high as 5 to 20 times the normal, in simple colloid goiter 
the iodine content is normal, while in hyperthyroidism not clinically 
showing protrusion of the eye balls the iodine content may be 
normal, or above normal, depending on the toxicity of the goiter. 
No relationship between the iodine content of the blood and the 
basal metabolic rate could be found. 

From the results presented it is believed that the blood iodine test 
may be of value in clinical diagnostic work, especially in differen- 
tiating between mild hyperthyroidism, exophthalmic goiter, and 
toxic adenoma. High blood iodine values in diabetic cases indicate 
hyperthyroidism accompanying or preceding the onset of clinical 
diabetic symptoms. 
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Iowa 
H. Witschi. Secretary: E.G. Gross. Members: 33. 
State University of Iowa, November 10, 1931. 
State University of Iowa, January 26, 1932. 
State University of Iowa, April 19, 1932. 


Minnesota 

F. H. Scott. Secretary: F. H. Scott. Members: 49. 
University of Minnesota Medical School, October 21, 1931. 
University of Minnesota Medical School, November 18, 1931. 
University of Minnesota Medical School, December 16, 1931. 
University of Minnesota Medical School, January 20, 1932. 
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Missouri 
M. §. Fleisher. Secretary: D. P. Barr. Members: 50. 


Washington University School of Medicine, November 11, 1931. 
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St. Louis University School of Medicine, March 9, 1932. 

St. Louis University School of Medicine, May 11, 1932. 
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Western New York ., 
Chairman: W. O. Fenn. Secretary: E. F. Adolph. Members: 47. 
Meetings: Cornell University, October 17, 1931. 
University of Buffalo, December 12, 1931. 
University of Rochester Medical School, February 13, 1932. 
Syracuse University Medical School, June 22, 1932. 


Wisconsin 
Chairman: L. J. Cole. Secretary: F. L. Hisaw. Members: 25. 


Dratus oF MEMBERS 


The Council records with regret the deaths of the following members: 
¥F. Schwyzer and A. S. Warthin. 


GiFrTs 

The Secretary wishes to acknowledge, with the thanks of the Council, 
the gift of back numbers from L. Baumann, H. F. Blum, M. M. Brooks, 
A. F. Coea, M. Cohen, W. Coleman, H. S. Forbes, A. B. D. Fortuyn, H. J. 
Fry, E. Holman, F. C. Koch, 8. F. Light, E. S. London, J. F. Lyman, D. 
I. Macht, E. M. MacKay, C. S. Mudge, W. L. Palmer, W. W. Palmer, G. J. 
Pierce, L. F. Pollock, F. H. Pratt, N. K. Rakestraw, G. C. Robinson, M. S. 
Rose, G. G. Scott, E. S. Sevringhaus, K. Suguira, R. Tunnicliff, I. EH. Wallin, 
C. K. Weichert, J. J. Willaman, R. R. Williams, R. M. Yerkes, and the 
Library, Harvard Medical School. 


PROCEEDINGS 
Average length of papers, 1.8 pp. 
Preliminary manuscripts, 62%; complete manuscripts, 38%. 
A. J. Gouprors, 
Secretary. 
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A. J. Gouprors, 
Treasurer. 


Auditors’ Report 


We have examined the Treasurer’s report and have verified the state- 
ments therein against the books of the Society. We congratulate Doctor 
Goldforb and his secretary, Miss McCabe, for the admirable way in which 
they are conducting the office of the Treasurer. 

(Signed) Ropert CHAMBERS, 
Irvine H. Pace. 
April 19, 1932. 
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LEH LA aia abet RGR Aces PS a eR Wiener ccs uubae Ta Bremen, Germany 
Dee lL Wyle iret I aie MeL ree eta SNR RMU ESSN Dea Aa GR Brown University 
Bantingss Hrederick: / Gia cage cae kee te Meum tie eG seasuiran University of Toronto 
Barack Alwini cee ae ees opelran College of Physicians and Surgeons 
IB ychaloYcr AMMAN Wea Rob vite xs land Ue gy Econ Bo New York University Med. School 
Barbour) erin yee tae sae as aU aM ate na Yale University 
Bardeen, Charlestitn, eee unc staru cual ana University of Wisconsin 
Barlow, Orphus W Western Reserve University 
Barnett, Geonge Mi See ee ei ee ets lee ee ale end Stanford University 
TEST) BVI elaine eek Ue ULC SOR ML Se Mm ee, Na eee Washington University 
Barron, E. 8. G University of Chicago 
Brass) Charles tay isso tse ce er Se ia Sle eed Tulane University 
ERAS EPI Tes SEN A Oa La ES AO Ne Doe aR ss Bec University of Wisconsin 
AYU Ce geas (byl Uyms null ater sara ea ccan ane seo cyte eal aN, UC AV VeeM COU NIE Rockefeller Institute 
Bauman, Louis Presbyterian Hospital, N. Y. City 
DoT Ae boak babel] ORins Peau tbe nal cent ie Rae neh oes ofa isla Montefiore Hospital, N. Y. City 
Bawmbercen, Oi Perdye cect cccclee a ene eee a Stanford University 
MB Er haaalep lone (spate ry ope kine eeraupe opens I Ninsele greece ae ae yPiey abn University of Rochester 
Bazotts) nO 2h eee a poccesl ce alae ne LCE University of Pennsylvania 
Beard, | UM eta cue a oe Louisiana State Univ. Medical Center 
BBO GI 6y Hi MORN teoeaevintsc caus actuate cae een cee igen GME eR Iowa State College 
DSTO yogi sy a Dhar B Be acco sen nee ch ene aloe t Un aNnerne ONE University of California 
Behre, Jeannette A.... erat eee tebe Cornell University Medical College 
BoE) Whotea yD (hold Wiper, Soe eat iee ie bore ane rept cere ae LAR Boston University 
Bellamniys A retain Wisse scltccnepeccucnnnsene University of California, Los Angeles 
Benedict (Ss, Risin. wticness: Cornell University Medical College, N. Y. City 
Brenton Alana (Gross desestcss thas syciuctassceasntceasecteacesepeteeeraecuen s/eaeaet eee Vassar College 
Real oP EAN [aia tie ao toa pum CON u OB RMPT muse ice Wat ue aah H aN. Columbia University 
Berg) Walliama INacei ec ice wee cee Berg Biological Laboratory, N. Y. City 
Bergeim yy Olaty we nk se a ea ee ee vane University of Illinois 
Bergoyy: Dari diy see ce eet tN eee National..Drug Co., Philadelphia 
Biorielirind seul sn eat Ls alec a eae rte ane eee nae OU University of Minnesota 


Bernhard, Adolph 


Lenox Hill Hospital, N. Y. City 
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IBetrinierar bt eet eee sen abe UN eee WL NY 3 University of Louisville 
Biehemedayvmomds Ne meee oh etree, ON ko ie ae University of Minnesota 
Beye Ty ee Le TN Mead, Johnson and Co., Evansville, Ind. 
1 BY aah] Oucrepalid bhalhs Cheba wists cola gee ae Naa Un ee Western Reserve University 
Binion. Car MeA ie Wrae dere teil: IU ol te ee Rockefeller Institute, N. Y. City 
Birkliaue, Woah yes tee ae es ee ON eo University of Rochester 
Bishop Geonce able wendy koh Jae 2 INO ay ie nN Webster Groves, Mo. 
Bishops Watharinen Stuer sh woes 132) itunes University of California 
Tac kekearia Kony peewee esas Wu mysangeh iia NN! Lesa henvouyen 0) Harvard Medical School 
Blair rho hin’ Bie nee eae aye ae Hospital for Joint Diseases, N. Y. City 
Eset ices anti Gas teen ey ee son gel OU Sar iukty os Ves eae 3s ey eet Yale University 
Blakesley, Albert F...Station for Exp. Evolution, Cold Spring Harbor, N. Y. 
Blatherwick, Norman R.......Metropolitan Life Insurance Co., New York City 
Blau) aNathia nie BAe oe see sees, BAO Cornell University Medical College 
Eau al Sh Jae DEAN Raksha Ut OOALRSUS CARE EL estate elu LA CR ee ae ed Rockefeller Institute 
IB Tie Ie y au eter es eM LIA: CTU oe ATE Be Tulane University 
Blog rnises Wall Wermae wee we Geen UE nore (oven eater seen University of Chicago 
Bloomifiel dycAvstince Creel ey Stanford University Medical School 
BIGOT Wi atin ee Re ence yr, WMI a ee SOUR UU University of Rochester 
Blumigcdiaroldie hein wake Live pi oi okaian page eel University of California 
Blnme ar baler ete sn werner aes Beth Israel Hospital, Boston 
DELOE LW NSN eyrAli tel, alae GRAN NM Oa SUNN ase le AEM cy LA eae Dl New York City 
Bodariskym Mevyeriik ove Nes vee John Sealy Hospital, Galveston, Texas 
Da Yare hh akc aed fos 6 SN eet sa A RUN Canes SOS State University of Iowa 
Bodo iiehiam dil cc a N. Y. University and Bellevue Med. College 
Boman, waessen le. ew seule Mecca Lae CENA EDAD OLN Mayo Clinie 
BogriV Al demain <c-vere ite pen ai NS NEAR IM Nard wena eye a! University of Chicago 
‘Boothby, Walter) Mo. arem eo Ae a Kahler Hospital, Rochester, Minn. 
Bootsy tval pla pet, teers Uy Emre eT Yh Presbyterian Hospital, New York City 
OWEN, loc D) reste ten gees ten te, NCB Seo MS I ete LUE Buffalo General Hospital 
JBFon ois fin bey sift B PRUE Ls eke Dorel Coe SU ddeter to AN Psa State University of Iowa 
«Ebi sake W CCet at Rea SSR SAR Ri Bt Yate oC Sen SESE a Loyola University 
Bowden wii Art en tn ey ee University of Minnesota Medical School 
BEAMS Y Ap EL ae Cxcwar re Wn aM NN se saie re ste et University of Wisconsin 
LES REP AYGLs gl Dhow vate lieu le puereewan be Abe eines New York State Psychiatrie Institute 
iBranhamyoana. Hives suey vit Hygienic Laboratory, Washington, D. C. 
STEW Gee rUO DEL bay Herne nea re urna Se AN Sra NUE TURE Syracuse University 
BESTS We rag oe tant a ORE NRG ALON NAV emi oI a ie ae St. Louis University 
Brontenbrenner,. dics amo ees rae APU ALN Washington University 
BLOB VN ence ark ou Re A TC Sd Ne University of Pennsylvania 
Brookeii@lyde sw oot tive Mie Louisiana State University Medical Center 
[ISOS ORNS TEES A eMC sh EL a RE New York University 
BLOOKGia Watt dar sys oe ea Nereus ace Spe eS University of California 
BS AYO) ise SEIN GL Re Yel ANON ea a aitea Nhs aaa Eee aaa University of California 
FAICOSII IGN Got Cha eeaa es ai aenn ray Nea IEC NG NS a Sa) St. Mary’s Infirmary, St. Louis 
TOWN C unm R) sides eesc hs Hote ORES TL Pee ee Poss Belo University of Minnesota 
LSE aA) el Ja 8 WS eno RE Os ess lal pe aR ean ee Johns Hopkins University 
Tehes abd Pope ns) opMMMc a Cu INR an Rae lere kepada MRE exten) wt Ohio State University 
TBS aya TU Wg ered beeen tc alpen ee eee eee George Washington University 


Browse Wadehl..Serne neuer CLS Ne Rockefeller Institute, N. Y. City 
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Buchanan, Ro bert iii isso i Pate ORN G2 Fy Ra aa ss Iowa State College 
Buchbindoer: Wap Ciuiie 2 gi Michael Reese Hospital, Chicago 
Braker) SEA Aes chat ata se Mis Prorat Gener Seay ore Washington University 
NV E.5 9 BDAY Da oui 2) UN ANU ORES Yaka Magne Dts Johns Hopkins University 
Bull wary cies a he dell es eM ips Harlem Hospital, N. Y. City 
NBD OUCH aL event O08 ws Melba miata iota WN Natal are wien fill MY Na UR University of Wisconsin 
Boanbiing Rea Wei eeke te erat RY a at Stk taal Meal University of Michigan 
edb clery ad Kol abst Cheedeenn es pelt aioe an stattae Vanderbilt University Med. School 
Buren Gn Hae a Seg ae University of Oregon Medical School 
Bpkey i Warlaljcie sal abea gh nel Mylonas oe) Fey Johns Hopkins Hospital 
Bornett, Theodore : Ose Sie a ase as University of California 
Birrms}) Robert te. dara ale ee eg ae ee Neneh University of Rochester 
Benner bale iss oye se se eg ae Dah PN ea eee Yale University 
ES) Bea oy ect! Rael Basie Ea geet ard ay Oe ONC HSL A a OUR erated Rasta WN esas Pasadena, Calif. 
yh Diypmselepee OORT 0) clk NA And aude care op etue appnre a ntua Na ae ee vey LALA Fordham University 
sx otras A GRU TY, IN Mh oe ca ta id eR en Columbia University 
Cannan, Robert K................- N. Y. University and Bellevue Med. College 
Gamma ara BR ea ech a A ANOS ARIA ret University of Chicago 
Cannon, sWalter issues cut, Bilis RUN ae ONn Uy ey Harvard Medical School 
Carlson pA J era ak aie 9 A ofl te ue ae eS ee SE University of Chicago 
Carmichael) (MB Uke University of Alabama School of Medicine 
Carmithers: All bert ites cece ale) a or ene) Peiping Union Medical College 
Carebense dy earid sii a ky ua ts aaa esau aria Oe Johns Hopkins Hospital 
Casey, Ad ber ti Erie ee 2 0B NUE hepa Saleen Ube Rockefeller Institute 
Cashiy James cere i net aria Elec Ll a) lw eH bee a OM University of Virginia 
Cattell. McKeen aiice 50h) io iit oho aA cane Cornell University Medical College 
Couultie :j A i TAIN 2 Cs a TGs lta Ped te University of Toronto 
(GP yor Datel 2 cn] DE Aaane nee prs useneren Pree Sune ae drains e AU Cornell University Medical College 
Chace Arthur Hi Catal ohana N. Y. Post-Graduate Medical College 
Gia eligoy i ue Ip hl pier. neha (x na laramenman pelea alee LM NAl ras University of California 
Chambers, ivobertis.ce3 8.2 orisha Laer nee New York University 
Chambers, Wadlramy: Hoe ey ts res Cornell University Medical College 
Chang) (Elsi Chramin Weenie 20 eee aya Neaiale Peiping Union Medical College 
Change Hstao-Chiemi iis Wadia esau ei Peiping Union Medical College 
Gheer ViSciNee is Gal nia esos ee Peiping Union Medical College 
Cerny Re recites i ta a Naegech ae Eli Lilly and Co., Indianapolis 
Chidester; Al Hac sialon uae best teunds eee iil University of West Virginia 
Cad) Cu Me Ree Ae CA ee Nn Oe te Ul one a Net erate University of Chicago 
Chiitibendem’ jit pe ieee i: schol 3 acu A del SU ee Ur Mee ACC Yale University 
Chr Dee i ee at a0 a Peiping Union Medical College, China 
Ghristiam vibhensay iA sii meh 10 il ule Sake seme ne Peter Bent Brigham Hospital 
Chrristiniin, Acai Ar ei Nees Meh ECE rer ies slab aula aa University of Michigan 
Ghurchmanty) chin W ccs) oy ee ore ue Cornell University Medical School 
lark Gary WWW eciecsnel saat ede ets Fen eee ete Lederle Lab., Pearl River, N. Y. 
KOU) 9p 2) an, Nitrates Naar EPR MeN ae PVE ren AN eer, 0h University of Wisconsin 
Clarke, Hans TS. 2l5 pel ei aoe dn College of Physicians and Surgeons 
Glanissent Sa) Wrest aac tenner Strong Memorial Hospital, Rochester, N. Y. 
Clowes Gash. Aseue et ote se Eli Lilly and Co., Indianapolis, Indiana 


LOC eas Wg Ry tal clap el ae Ra alae ee ete Cornell University Medical College 
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COC VINE SCs DS Doe IRE REA eee nai ee Wales STR Ola Malm ietat Wistar Institute 
CohengiBarneth eclosion ge Johns Hopkins Medical School 
CohentaiViar iin nce veut scar ire N. Y. Post-Graduate Medical School 
a Fam ANU se Oe oe ay Oa a Rockefeller Institute, N. Y. City 
Cohmimisi done .oniiveos okie UT RIE, EE a alla gianni New Orleans, La. 
Caley a) ee Neneh i Mar eo m Nene ee Poe BoRt RINE University of Wisconsin 
Male WRimitis) aie Merwe 6k ses ol tala ha ean a ie Rockefeller Institute, N. Y. City 
@oles Walllva mij Teles ae aes eisai tik Ue a ay Soe Rutgers University 
Coleman, | Warrenmics oso ee New York University Medical College 
Collens a Walliani iS. iets iu ka ee ne AL Brooklyn Jewish Hospital 
Colletti Mie arag ily hse OE ee nite ae Western Reserve University 
Collier AW linear March gs etka 1s 82 oy saben OR MUI ees. St. Louis University 
(Wollimng Aster ETone ence tee eG. Whe kL Neen University of Pittsburgh 
COI Myo UL 6 LU hy al ea rae RN SUD CUA ASS BW UaRN I edie MeGill University 
(Grove fel hipolap™) app Cpanel ole Ag ue ds OSGI Sea ean Bon DOAN Near Princeton University 
Connors Charles liiG. oc) Sue hay, University of California Medical School 
Cook, Donald Hi.....4......... School of Tropical Medicine, San Juan, Porto Rico 
MOGR ea Sat cies Melt Sees PE ONS ya ei University of California 
(Gre YON Ege AP AGG Sis Ta pes A airs ION MR adv ey) NEE Na Be Washington University 
Coombs, Helen Cur ee New York Homeopathic Medical College 
CG DEDNA VET UNV epi Np eB) CTU IONS ah, Wai anos Columbia University 
ROFapatk Gin EH Seat bal Caan ae ty SA RoR ale Mit A UCN oe SN Washington University 
WorleysphialphaCaus a ptua ire tant 1 as Pee N Mere he AB es Purdue University 
Comnera George iW iret en NN Aetna ys University of Rochester 
{Bkoy ey ooueN 1 3 hyd ERNE IRA veered easy Oa National Jewish Hospital, Denver, Colo. 
Moulience alimimabs yyy y eu ae UNS Ee Si SUE a ee Columbia University 
Cored nile al Vices rer eee I ACLs SA a Washington University 
Cowell 5 Gaoree siesta east I Os UCU a Ue a ae Yale University 
Oooh atcha BY OC leet Verte, Be WAC Ns pee a ava ana OLD EU University of Michigan 
(OnE Gy 8 AE telian nasty) Spree an ce OME ARE AEE NONI. JI NAL rae? Cur ES aero Tulane University 
Crampton; Cs; Wards 263002 oe N. Y. Post-Graduate Medical School 
(Oramolallniiy AN lar ee ei eA Ye ee Nee iy Sala Northwestern University 
LG ielkess HC reroy ae7sy.\ sie pe Nester ttt ND em apes YSE On Gaul eee aS Western Reserve University 
Crotantisurrly BGs Goi ee Mt. Sinai Hospital, N. Y. City 
CROZVer Wee mete eae ka rele Gees tees LO ed ee Harvard University 
Gratickshen kgs WWinebs cae Ee ed ee Dalhousie University, Halifax 
Csor kao vA saa seu nl 2 Ye U. S. Bureau Chemistry, Washington, D. C. 
Guillen.) Glemia Bh) Mae hy es a al Children’s Hospital, Cincinnati, O. 
Caraming ) Pineord ee nein NS OR a ke Tulane University 
CG rvushabbaled ayebachy 0 ev UIS ay a Sune NA a a eae bet eae Vanderbilt University 
Gris GE eee ee Os es AON FO FN University of Chicago 
CrnmnbisaicMianrriteny staan wes ete 2c 8 ed Ur mags 2 Columbia University 
Cushimmitlenvey Witenes cote teat eae Harvard Medical School 
Chitlers lino pte Ossmete attends LY Ee a) ea Western Reserve University 
D2 EGON Ue ie Ke Na a ae a ean roe University of Chicago 
VB Fe cabled CFM DEA ph tate ut tere teeeee Tete p oat ine ieee oak Mleoe eM UL Ossining, N. Y. 
Dantonth Glaanl esti acces tis eerie ee Stanford University 
Daniel eae hips Kk erin ie ce te Mane lea cl ela. Siew s University of California 
artelenn Anaya lise: cctt ttn a ee ke cL University of Iowa 
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Damiels;\Marrine tons. sae sett MUN aN a eunal .. University of Wisconsin 
Danzer Charlésto ge ans eae N. Y. Homeopathic Medical College 
Davenport,’ Cx Bui? Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
Davenport. seb A INE TA e ee an a Northwestern University Medical School 
Dayies, H. Whitridge i The University, Sydney, Austraha 
Beh cS ual BYR ADO CR EGR LANs NEM OO MND IB ARO Neat nelle vel Wilmette, Illinois 
DaivissiNeleon (ORG Outen Ae sa Leal SPM ROL LA Scly Rockefeller Foundation 
Dawson) James Ati ibaa ee a College of the City of New York 
De weon, Wiles Bee Were EE eee University of Texas Med. School 
AD fei Nn Nata As ane So Dye Ee Northwestern University Medical School 
1 O YesiB) sy Rev afie Ronde Keasae ae Soke NA aaa eee al Stanford University Medical School 
DG Gir SA OR ca ie eh So PIU N. Y. University Medical School 
Merieke 3 Minis GaN amet Mon Uy Peter Bent Brigham Hospital, Boston 
Detwaller Siege ah rp leae ssc UNE APE Ee RE a Columbia University 
Deuel, Harry J., Jr............. University of Southern California Medical School 
Dickconse his (Nee Mee ey te ee Stanford University Medical School 
DienessTowisis) vo are ely Ae Massachusetts General Hospital, Boston 
Dienaide, Francis Ry Peiping Union Medical College, China 
Doanign Char eg Ave nees OV AVON alain et WN be is Ohio State University 
Dowhez)) Ac Rein Me Ite Vee Was ea Presbyterian Hospital, N. Y. City 
Dock; | Walliams. URN Stanford University 
Doisy, Edward A St. Louis University 
Dolley Aes Masters eel esa laa eNews MRE POL aN University of Buffalo 
Wistar Institute, Philadelphia 
UMNO ASUS SB ee University of Pittsburgh 
H(caL 1 May RL AIA MP OO ON GAOT aS Cte Lt DS Syracuse University 
A Uc NI NRE RAD sy OMRON ie SAMY AUER AS HOP egies INR EE Sat Chicago, Ill. 
a University of Pennsylvania 
Dracstedts (Carl WAIONeS tA BSN aloha eal Northwestern University 
NO beveccarerebry a Wetiferg if Secs main nur see mutes DML ET Va nn Cr University of Chicago 
Yap er sHGeorsie MVVicwe Alte eure, STL NE ue a eg fee Columbia University 
AD 525 ores Kod sbali yA NAR sien aay Mean Rae LAMY Pay kar NY meade Nea EN 1) New York City 
Dees ach, iM eens l a APRN EL cc WN tM a ae Albany Medical College 
Dra Te yi AD Ec ee AN La ee Se Harvard Medical School 
AD yl exist 8 aes coca) he Ot LAL SUE eA eM al Me Metz Laboratories, N. Y. City 
HO gbils ropes Dp? HRene MN ele cca A LEM eRe Cornell University Medical College 
Dugger SVT yell MAN I Oh Aiea RRS UN Ua University of Wisconsin 
Dy rary WR a a ELUNE ATL I ct Ne Columbia University 
CUD rayaia, ANT eax ANNO he COE ee NEL De University of California, Los Angeles 
Dirrantybidiyira ie ees Oe Rhea no i ee eri a Ohio State University 
Dusser id esamene stds) Gace. UU SN Saale ae ato Yale University 
Dutcher) dRemAdams W300 uw a VATU aie eae Pennsylvania State College 
Drivel Gee NVieie ly aan cae) 0 Ske UM ete ial Sea Tulane University 
DuniVigmeaned, wi Varveent, erwin ts esi) > VNCMiL a au We mon ec University of Illinois 
Dye NeOSe pin WA at ki lane ANA Ga aah ee Cornell University Medical College 
Byberson, Mredertokte 0 7a University of California Medical School 
DY .qsrA Al SUA] Sadan ed alsin Cae ION AINCCUM IL Western Reserve University 
Hick des si ash sess itt Wr Mend Ml foc TA COS a Spe Me University of Minnesota 


Bickstein)#bienryii Cue on 0s el ania Ap a MeN ag University of Michigan 
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diol Ay oA feed es iL S HEAL ake A anu cd A roca Seascale ee a Columbia University 
SY OLA err el Satan OI WN atte is ued eli cet LRN CALA aU SEAL NL University of Michigan 
Hida nds wal veneer conn tava ele nua Cornell University Medical College 
Wediwrarid sero km Ge ee MIU een NCS ea cei aie ls Oe alle University of Buffalo 


Egegston, Andrew A. 
Manhattan Eye, Ear, Nose and Throat Hospital, N. Y. City 


Wisberg, Harry B......-2.2200001.. N. Y. University and Bellevue Medical College 
a Duca is lets ceed Mau Saleh GCL Nea el a eRe dates une aaa University of Missouri 
Bilshergss Charles WAU ys Miee enya Wo aa Neurological Institute, N. Y. City 
Serre VWs cote Ok eld te Py NIE eat nS a Cornell University Medical College 
Brine reyes Hb Pera ene OU AMS ACL ia eA i Aired erga Ss Sul University of Buffalo 
AB) roe ves Biece Mee vay sata te dee UNE SS t e elNri VINAREaCBeL AU I Columbia University 
IB Ste LIA, AC PALLON Itoh iy UUM ae La aA Ea Mt. Sinai Hospital, N. Y. City 
iedinvarimys IO a nee et wenwe ca EN a eae University of Berlin, Germany 
Birlan Gene J OSe pin at semen CoA aR Old ieee Washington University 
IHIMStene, PA RUDI Cees ee been CN NU MERCURE Harvard Medical School 
SSE tielnra nie bias sah sohss kets ats een ae en SR v7 ue ai Mayo Clinic 
DeDyier a side ove sy utr tl seeae Nat Last lege ye ec ele University of California 
Biwi ymulames ytergatten obsess Ua Cornell University Medical College 
dD ASTCEV MA fae AES MLPA eees SUN CU EIN aya MU CORIO aa at aa arom University of Wisconsin 
Faber, d BIW OMA Sod ha aa ll un UN ee Stanford University Medical School 
Baar Me Ome e ait) eileen WO Se nM Neth b University of Minnesota 
DMs bd DN Of Set et SE Ca rer Le) Og or Dg Washington, D. C. 
aK Die GeOr ge sinus mc Naeilaan ie Use ucsb Harriman Laboratories, N. Y. City 
all sire eric kid are ys aniinn doe Wis tn JU ese tbe CIV University of Illinois 
IAT ENED.) Wish IW eo ee IA AUN StU St. Luke’s Hospital, N. Y. City 
Mammen: (Chester. asin haem nance ay vend cyclen Northwestern University 
Hranieh eb neat eater acl Me nicer go SOUARy LOU WAL le eb Se Tulane University 
Henn; - Wallace (Ox. 22) i University of Rochester Medical School 
Tehfepea a Aid Re ait EG Sits SAL ATCO USE SE A EUS Coa tS RA ANE UNC ra Harvard University 
J ATTAIGE AA Ohiauiv ics NY Asia terete OREN LG ccs LAL yey nee en UU gen AAA New York City 
ABEL eNO, ML ste ence OSU Av Rawlins Wl Tela Uh eau Stanford University 
Tal obs lis [eS ta a ea a uA ADU RO cA Dk Battle Creek, Mich. 
HE CHET EA eT Git Ry en RAM TA gies eto Laia litle lg Cees Kopenhagen, Denmark 
Bischerin Martini ER ieee he Wn Oa rial ON) University of Cincinnati 
Pishbenes Halley Eh ees one fee uate Saha Beth Israel Hospital, New York City 
itsher ene som shies sce mei Ml Ci)s eae MN A St. Luke’s Hospital, Chicago 
afc ed OSs) A dw so Sar at LZ CN VE ASA University of Minnesota 
RButzambveodrell din. wena eae tame cone Aete ne Peter Bent Brigham Hospital 
BAH fore eGTG S) B © seats SAC pe ns Uno ets SAUL a cee University of Toronto 
Wleisher, | Mover: Sion Nis cael iin Ry aieemeed St. Louis University 
Peer OIMO Mens Went ats We Rockefeller Institute, N. Y. City 
ili ere deri ciate menses tres eur arene i ee ER Bat Columbia University 
Hlorence:s Tamra ehh ee as New York Homeopathic Medical School 
Fluhmann, Charles ‘W..2 00.0 Stanford University Medical School 
IBtorbes¥ Eleni yin cake ni ur cae ies TAR rola arn aceon Milton, Mass. 
Mon kmer yy, Clan e eB pecs tu eta eees, Sut Weel tuts Boston City Hospital 
day ergeay sips Wy BY a B ates ee We as ce aD eae Oy LD Peiping Union Medical College 


Masterta Gino divemny Lica veeu ere ca chs ate CMe CE as Columbia University 
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Wooster) Nellis (Bact susie tee fe are ee a New York Hospital, N. Y. City 
Mranks) ober tiisanyiy.. sao. tee pba be tia al nei Mt. Sinai Hospital 
MraZzier, | Cnester/ Nw kein ks Leake eons ion Vee set Bluffton, Indiana 
PMc OBI a eats 12 oes Wa STeRI LARS Ea MSD nT vn Renee NRT MUL MAU R\ University of Wisconsin 
Wreedmiam. sours.) a 55 Ae oy te ee 1 ie oe eer ae ain a e aane Metz Laboratory 
Mweertian, WG hd Dee ees let ote ee ey SLs eek Columbia University 
Hrennd, legis. :2: asap a ewe Henry Phipps Institute, Philadelphia 
Biriderigia yds) Sse whee hse University of Copenhagen, Denmark 
Hrobisherss Martin dt. ann ate tenes vacate aa sa Rio de Janiero, Brazil 
Miry Web otiey id paki ane be pal eae sacl Sls Me New York University 
Bred cakes gael | kToaly [or eae Se oe a ee coarg aes eae BE OSS R eapeprer en aU UN Towa State College 
up Ul venadheie! Yodub ctial Oar UiOaN HB SAP nea atte tehtemt yin oh irvegie eter de Yale Medical School 
BAY bbe heaped OF: 1-50 0 bh eal oe 3 basta ieee pea ROR a Rp Al anlpaar goa Siar SAL ett Paris, France 
HM bea dW LELY 10) of ior te bed ae ure Raa Henry Phipps Institute, Philadelphia 
CN ea oak 6 i Deen yt On Pleaenid a etal ae Sie sre Ane Henry Ford Hospital, Detroit 
Ges a-)i 0) Cate | [Pate Nein cane SUSE en abe, DOM PAI Na eM Cee BA ah Tulane University 
Gacer eG isinartepe nod 2 en) ue Brooklyn Botanie Garden, Brooklyn, N. Y. 
Galil Richolp its sys ynins ees hee Weiss Ose eae 5 ey University of California 
Gamble) ames tyne te eee aires ae aay ibis dS eat aes Harvard University 
GarbatwAbranam lysnyse cece ene Lenox Hill Hospital, N. Y. City 
Gardner) Leroy) Uses oe ee Saranac Lab. for Study of Tuberculosis 
Grammer a iW alien Mise tee etes ir) Sey Mee Siu aa Vanderbilt University 
Gaskell pdiohrighy unis: neu AU le Vie ocd ea eA ea ee Cambridge, England 
Gasser, Herbert S................. EOE aU a SSM aE BORNE SLRS Washington University 
Gates: i Wrederick List rou aie lites ee lie mallee eles aia Cambridge, Mass. 
LO Feel theta Cas AS ESSERE Ba ie 7 Me Oe Ee Uan seat RAE TKS Ct ‘Columbia University 
Gotlarres Bio IMG) Wisco ire aie a Aaa Johns Hopkins Medical School 
GelfansSamineli esse you cus aes aa hy ses University of Alberta, Canada 
GralUnorn gi atin bint An ee Ne Ay as pe ae age University of Oregon 
Ganardhiy Wistpcsne sen cts Uae a a eu ad amar Seam le eag University of Chicago 
Gesell Roberta otc hy ie Sig oi RU Ae ese University of Michigan 
bE Peat Fs PENA 0 ORL IMENT Se eed Oe RSE University and Bellevue Medical College 
Le rong aibbaty ile Ui,\! asin oe sue rar Mah Apa ISON ALi NN an what cRUNS(U Columbia University 
Ed 70) cf en 6 Ay Misa UN IR eae Lae a gh 2 Aa NR Nb University of Iowa 
Glass i Wiliamn Jie ete) UL eye Men ap Nel eee Columbia University 
Gril ty: Maas Med at haa ach i we eee Dace chee University of Wisconsin 
Galdhirist,); Haran eisi, Gigi owen CWC hh Meet a) a eae Pomona College 
Guligany Dorothy) ec lens leas ee Beth Israel Hospital, Boston 
Gaibheris; Leics tauap kes ea ues aie I lS eta Mulford Company, Philadelphia, Pa. 
Grvensis Manica gies jiis 2 tiie me Northwestern Yeast Co., Chicago 
Glaser: Otto ua cis en Se Ue ail a Me Ree Bag Amherst College 
Gold; Harryite ue trey DEP pet tea Cornell University Medical College 
Goldbercm Sa wAre uta w ue ie be Presbyterian Hospital, Newark, N. J. 
Goldblatt, darry.s.8 oe: nn eure eee Western Reserve University 
GoldbloomyFA, eA Nene cca ae pee Beth Israel Hospital, N. Y. City 
Gold for, Aver) ee crete tate eet ate fees College of the City of New York 
Goldschmidt, Samuel... ..-.--2----2--eesseeessesssses-se-qe University of Pennsylvania 
Groyeirner sy Re eActh a es iu iinae,  e ete  c University of Minnesota 


Gottesman, J. Marmorston......2..02.-.2:0c0ec0c0e0--- Montefiore Hospital, N. Y. City 
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Gouldeeblarieys Nem ech Sai eared adie ecee se Tulane University 
Graham *rkivants Ae. 07 oe eS Ne eee era Washington University 
Grabemicielen: Wyte oe eyo ee Saat eenGy Washington University 
Gravess Wrlliem “Wits Asai a Og eee St. Louis University 
GA yavnNs aa): Lace ee es eee eye enya habe) Jewish Hospital, St. Louis, Mo. 
Greer PI ober Gece cece el AU ie (ocr ie te ee University of Minnesota 
Gireeriberc TD aryac SN 3 ee es ses es ea University of California 
Greenies i@ axles aes ae uid car eis ese eee led SRR Mayo Clinic 
Greenwald, Isidov.......-2.....--.-.-+--- N. Y. University and Bellevue Med. College 
(Cavers claid Wy UNC) estes See Ne a sia ee Ne amen el pe Ree ey University of Chicago 
Grevory. Louise "Eliot aera oe Barnard College, Columbia University 
Greisheimer,. Wether Mie a ise University of Minnesota 
Garhi Breda ene ce ee a a University of Buffalo 
Gibite BiG lies WW em ele IST ei LUA te er eo eee St. Louis University 
Giro ss wi ieee nals Gr sere ten card nie Ake en Oak co State University of Iowa 
Gro sar WOuls: eter rte seco se ee ER Mt. Sinai Hospital, N. Y. City 
Gruen ates Mis ese ce cic) Ak he ie ett ats Washington University 
CUT es so tek es eh rahe eh University of Washington 
Gam} Ebrariers 1) Aas Nae a a ss Northwestern University Med. School 
Gamera ers WAG ies tit nes Se be iene ia pe ao University of Nebraska 
Chinrchio tg Citar] Gs sevens cael ated io Leet ei Eldridge, California 
Giistaysonselion Gee’ pee ke oil ayes ae eS ee University of Denver 
KB cot berth 24 Ohya Oro seed eae tr i (Sara eer nee Ber At cs eae oa University of Pittsburgh 
EM vee horn tL IAN tenes, eh a PS ENA Seles eS aCe Peiping Union Medical College 
Grayers Mircea CR geese ise ois ee Ss University of Wisconsin 
Headey, Gel coi yo et) ak cl oA ee a University of Michigan 

Hafkesbring, H. Roberta............ Woman’s Medical College, Philadelphia 
Hagan. \Willhiam Arthas us Jin ese kira Cornell University 
Hall, Wirnest M.s22 te. University of Southern California Med. School 
Ueig sei tare OTe ree eran ea cle Nin eI Set a ALL ANE Tulane University 
Elalsey, Robert Hac oes UA ey N. Y. Post-Graduate Medical School 
PER ATID UP OET cA ion WW Gerssitics eek ete ieee al ea Rush Medical College 
JBI aTailivay alc oH 851d CCACM Miva do eue Urs att ON ah CO Se Ree euar es Chicago, Illinois 
abou seheaXe yal oy Wh opie eS al Galt Reale hy Wc kamen aoe eS Iowa State College 
Hanger, Pranklin Mic. 2.2028. Presbyterian Hospital, N. Y. City 
Pear Re ay Mi arr in yes hone ce ae ee ree Ne a eee University of Chicago 
ta IG ab aV op aval edi i een Aes MAS SED (or Ae eA Mn ape Peiping Union Medical College 
JB Coibeskh sia B pac o Riba Bair re lesan Ais te nate are ee ey State University of Iowa 
SB We eluy abel a of ft ad pst gence Ate APE a Nearer Ree ee cS Washington University 
bariua like ger cen eee ene ee Gate Stanford University Medical School 
probes vice Libya Ti Oise tae er che act ete ev ester pier te CL Tulane University 
TE Wanesial iad Ree DESCY bes ate ee ee gE Te eR neD Ue eee Cane sar Tuckahoe, N. Y. 
ifarricn eos: Gieests ott ence seen eee Cold Spring Harbor, N. Y. 
Deb noes. Wabash RIES ees Aone oh ee a eee eer tecosar es eras Tulane University 
Va hast oh Ns Dhaai 6 yey eerste aoe oe dee cee ee ee me rab eee Yale University 
Harrop ys Gere Ace isc rcsee acc sentec teen eer = te eeteesece tke Johns Hopkins University 
ELarnowrsr sem aint fie eer ear eset teers cee College of the City of New York 
LB Nags Fs Gog slo Pte epee tae eee roe perce eee a University of Wisconsin 


IB Egg Greloy xe foveal m ec Phe a, Ae eae eee University Farm, Davis, California 
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Hlaarbmniany FY Atiiscssoonseortoocsacsnsbeonectnrcacsienesnst verte omceacreaee-eoses URRVORRIOY, Of Buinale 
Bantwellidobi Aes iumcuseshue coeu ke eee sCornell University Medical College 
Harvey cj Rup Newton tetot seats al, eho eea A ees iadan) Princeton University 
(caryeynhoamuel s Oeisustomt Ny 22d. s Ano At aun ea eae Ue eee Yale University 
4B Eevsj nha edotey WN] Sates Balter | MER Re STH a DI AO ed University of Chicago 
Ds Esteaimb a¥ 24) OE a6 seeeue tet cab MUN ye Unt cela OP ara University of Wisconsin 
PPLE GOH OT AL e nua Nie ean AE UnouCH I Lae Au Cornell University Medical College 


Tulane University 
New York City 


IBbawicinsn ys James, Ate tie gi U. S. Navy Yards, Washington, D. C. 
Hayden, Charless Ris: nye N esi shay ok Ae ee wn cea a Cornell University 
Haythorn;, Samuel Weve ss Singer Research Lab., Pittsburgh, Pa. 
PETOT L; MEDABLUG Mle oop se Mes IEI 2.0 UNM Y NR Vath coe Gace die garnet alent Columbia University 
Heidelberger, Michael.....................------ Presbyterian Hospital, New York City 
a Real ov qvua nets Waa Sekttgi a 8 UU NMMU ESAs Reon ie epee es al University of Pennsylvania 
iHeinbecker,7P eter Mee senile Syd oh OC RUDRL eu aAG seme ai Washington University 
|) bi rn 6 ih Bd ane netsh (eet aun uoRRe ed aie IACI Rae de AR New York University 
elmibolzstaleni yh scsi crs Se Ueto 2a eee asa Bee ee Mayo Clinic 
reneh, bine S ile Seve sete ecclesia Cece eas ee a eC Mayo Clinic 
dis Keva\chesb. doy) Woy iy [la Acree ety MUA esteaAIN UL RCMP Ga ed ny emule aL University of Texas 
Henrich pAs tm see ese Nise LAU LON ers University of Minnesota 
PMerrmiammn si G svete wana nse unueY John Sealy Hospital, Galveston, Texas 
Hertzman, A. B a AU AGS A SIAN, By Oe eee ee a St. Louis University 
Hess, Alfred F........... Wate Weg eh Ns College of Physicians and Surgeons 
5 ensasrtsh ot: Ai Inve) Ine cee ee an RMSE WO Aly Seairy, PM eee tt 8 U. de Gand, Belgium 
Hr rors YG OLE ei NL rise Na ee DeLee a aol sees ue aoe Oe Mayo Clinic 
ETA eH heriss) COR Meee in ek ke a 2a Mg cree Johns Hopkins University 
EEE Sar telly Wy ars nae at ee ioe cee AL Le pee Rockefeller Institute 
LGR Ces aN a BEM SD Mann Meese NE Car Ve eee erent Oe tay Yale University 
TELim.es, PED. PVE MLE Ge (ini eu ae aA a ear ea nee ee State University of Iowa 
Gg Bab ea¥sh oly(] Daagz val ce MENU LN PAN oUt University of California Med. School 
‘Himmighs iMlame: oA ome sisi, ou ua ecg oe One ca vee aoa University of Chicago 
EiriseysrliO uae cusenewiy) TAIN la AAAS Wclanseel ee Ue RGA hae Neos Stanford University 
LMshraiwr ee cute Man vor en AUER RSA AGE soos Selo Upper Darby, Pa. 
Hirsebfelder Arta q cue ek olay University of Minnesota 
1S BYE ig Dr OM Ma ae LTH ce FOU SAM Ca DG University of Wisconsin 
Hiteticock wae ire dd! HA: UNE nnn e oneb dian Nannie Seats Ohio State University 
IFO Dm aiemvENiieh aes Mek avec ec Soe ure wal eigae ental University of California 
a Kays) ey of uPMCl 5d IA @year alee aU be ADEN al alte chek ie: Peiping Union Medical College 
Hoffman, George L...................-.- Allegheny County Hospital, Pittsburgh, Pa. 
Plollandershrankiin, Leese ees N. Y. Homeopathic Medical College 
Holm, George E.....................Department of Agriculture, Washington, D. C. 
Ba) benz h adsl Dy ae Vg Conan reer ea peel Rela COLL Biba Gal aN C oe RIO SL ‘Stanford University 
Holman, Wi Lie als sacs caet gas eRe no Ae eae eS ay University of Toronto 
FTO LMNs ri el tecetie ste tlc. I ck AY a er University of California 
TV OUG alee Mame tity disc ees ete er ae cree Johns Hopkins University 
Hooker xD avenportat cs cry baiheat ee teenie emai University of Pittsburgh 
Hookers) Santord B20 re sis 10st male te ie ened eer ae Boston University 
Hooper, oC harles,s Wits ec recs eee eee eterna Rensselaer, N. Y. 


Hop kineyid. 1) Gardner whch enor ale Spey ee eee, Columbia University 
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Horsley,<J: «Shelton! on St. Elizabeth’s Hospital, Richmond, Va. 
Hons Hstane=Chmanie cue eye aA Peiping Union Medical College 
Howamdsmearveye daiscuccuneia ci Se AMUN ea 2 Washington University 
Hower: Pali H yet Vasc t ania see Department of Agriculture, Washington, D. C. 
He Ono) SW. BVA ae Sean De REAR Sa OR RAL Michael Reese Hospital 
Ha Kony iaravoles IRA oi ael) Lb pote la a nsed abies SU aia Mie) Lae NCA New York University 
Pin bard we Rocerio ee rave w vce cela 2 ihes iN WT! Buffalo General Hospital 
ein bere a War ber mata ae ea ees oy ie eine EEG ot University of Michigan 
IERIE Sree N ope entt lees y meant ae ene couleay Werse MeL nae an Sk la) University of Chicago 
Hine hes: Mi horisci) bwin wera cse sie se eetkn nance fis, Rockefeller Institute 
Us hi ary Odea spyeyi7l Sey 9) Race ste eer eee ee Coan al ULE Nai at University of Buffalo 
Nila ayer sd aweSYO Lf ool Ds «ION Suede ei Gly DUNUKAnINGING, Cea eR Harvard University 
Tas owagyovoyan oat Ny (aaa eee si Ta J.C stile vated Bete ne DE Mulford Co., Glenolden, Pa. 
Ebay ZnS amine lee ee awmeele SG eu Ns Stanford Medical School 
TEATS Viseate ea RONI Ce ese ees UE ev a ts SN ce ea Yale University 
pw, SNE ay ol a GO 1 STUN Ue aL Ee Rockefeller Institute 

Isaacs, Raphael.....................-. Simpson Memorial Institute, Ann Arbor 
inary ANSON Batshiv 3 Oped eee), eae oa Al Teli Wane tray uMlR OS). Ae iene eS? Northwestern University 
Jackson, (IME patent oie Ce ake Dek We ule 5 St University of Minnesota 

PAGKBOM IL) Seba se wmulN nad tA Weve ulate University of Cincinnati 
AGRE OMEN ONIN,) 4 clinic ree uue Gs WUMN ua eo eet ae Boston City Hospital 
ERGO HOTS) HAE) Hg [ee SACRE Sch es SUNN peeAlah Rice na University of Pennsylvania 
UacopsruWVeulbemeswe eave Vie Wt Rockefeller Institute, N. Y. City 
ACO SET AV CLOT a Oboe sie ee aaa es Albany Medical College 
J PfresMrtenrys Dice wear eee re eee ela Hospital for Joint Diseases, N. Y. City 
Uitte mrirolae dae sais ala ee Ue aN da a University of Illinois 
NS EUT ip Fes Haars Ce ae ee 9 ee ne rat SN cl University of Iowa 
eUforababina ess)" VEU TNS 2 VS AU ee neon one a neta Wnt MSU ied Johns Hopkins University 
IRONS nA. Sed eI NING i NOTE OE Meas tos al par es 80 AINE ea Columbia University 
ROVE NITAS FA fe ECs Se oo Sa ee SUE Vanderbilt University School of Medicine 
LORS peRE OS TONS Veen seeks cic GL Ue agit Nh Nee eA ek Tulane University 
OMIT Nisa CUR AC UM LGN Ry 2. Dokl uel Nati a AC On a University of Chicago 
A Ko sist toy ott) Ott K Creel ueastay. dite ort oe CSU ae Det gua Eee Rane aeR aS University of Utah 
RUMSOC NESE eo Ha eases 1h clean tata ea UL Le eae Yale University 
Jolliffe, Norman H.....................-5-. N. Y. University and Bellevue Med. College 
(i ovaVeyey J Ueto ak Noteat eel aaitee feats ne ee pean pel ccna eH University of Pennsylvania 
Jones, Frederick S......2...-..::c0--c-sceseesses Rockefeller Institute, Princeton, N. J. 
OWE sur IE ivy an oa seh eh negep nee Sets cc ekeccses Sere cole beads sy University of Chicago 
Che ago Ret oR 1B LM Dos Cons et aa cae eo Meee! eat University of Virginia 
VOESbAG gE uEn rie. eects Barnard Free Skin and Cancer Hospital, St. Louis, Mo. 
IO SILI IE EP hes ruae, eee oa ch IO Ab eae Uses tics asa au ystvsupaueieerteaveeeten sia Boston, Mass. 
eS uupamie Me sling iis) Avestan aes NN UN ahha Me Washington University 
Ajena¥eg dl A Us sanete lene aaa Naar Northwestern University Medical School 
Pee yee OLAS a pokes easentann csp docnianeosncnsen College of Physicians and Surgeons 
Kas, SUI Cop onfet el a amet secre pele tte or ee Beth Israel Hospital, N. Y. City 

Kalin, eMortor) Cateees eee toe sen Cornell Medical College, N. Y. City 
AEG Nia Yoed ated Once ree -abatee, Beton oe to ee University Hospital, Ann Arbor, Mich. 
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Teaming }O)liyergn ay yen Dn oA TOMAR Ue Gena, ea ae Parke, Davis & Co., Detroit 
‘Rarsner Sai. cues Wid sie i ea Uninc enema Western Reserve University 
Rast EA wee eee OS ee aye N. Y. Post-Graduate Medical School 
Ae abg y minal ahh cee eer Pe Ra ge St. Luke’s International Hospital, Tokyo 
BEST Seal UPR lelera oo ape Onstage agent ett erm aA EH UNS Michael Reese Hospital, Chicago 
Ieeten ChesteryS ive cnt mn NS ce ile Nelo yale eee Boston City Hospital 
Keeton, RobertaW olen tee Mio cecctecene tea re uence University of Llinois 
AR mt Cie Wisner Eee le RIES eee aU eae ae University of Wisconsin 
WelleriiA Men eDg secs Vas 7 University of Alabama Medical School 
Keellomon ty  Warhei wii, CaN os CO Perea aCe nero Pete University of California 
Kendall’ Arthur lat) oe er Northwestern University Medical School 
Keema wibh. Ogi ies ep Cees Se) Sie eae Meng See te ge Mayo Clinic, Minn. 
Kerr, William J University of California Medical School 
Wesselty Johny: Hacer iene ee University of Southern California 
eerie coun (Nise ise aN dle aR Ue gas Washington University 
SRT BIE Wied Sie ENDL pe Bl eRe MLNS N. Y. Post-Graduate Medical School 
Kame idelemi Dy is $08 ee er Oe Sebel a Wistar Institute, Philadelphia 
‘KamiselllagiRialiplayiA clecs ssc oes cpg 21 oe eens ace St. Louis University 
Korkbride, Mary) By... 44 N. Y. State Dept. of Health, Albany, N. Y. 
Kleiner! Dz 7)S shige is MCR San Se uae ened N. Y. Homeopathic Medical School 
WWleiimianyt Nathaniely hau von sy eo te Ce Oise is University of Chicago 
Healivo lent, siVp oJ sae ee De Ae EG eae Hebrew University, Palestine 
Kine, B.S..20.. see Ae Mt. Sinai Hospital, Cleveland, Ohio 
Wolotz} Oskar (ois tee keen Se fae Ae err ae University of Toronto 
Keriowr tons WB arabs PP 5 1S les Cg TS ea en es Syracuse University 
ian eso CAD Eitan bie od atc Neate SO Ie Albany Medical College 
Kober, Philip caver tune lee eee aul: G. D. Searle and Co., Chicago 
Wools; Bln zaloe tla snk ae ea aes eso Nasa ee gs University of Llinois 
Higeli, Bre din@ soc Web cee, ek ute ice De Me University of Chicago 
Weochs ie Mathilda Ds a besa ie 2 ee hee enero Greenwich, Conn. 
Koehler, Alfred) Bio oe Santa Barbara Cottage Hospital, Calif. 
Kofoid, Charles A.......... University of California 
Koln, heromler ined oc ae as le ecu Mt. Sinai Hospital, New York City 
Wolmenrs: JohmgAcks fees 2) ol cee eae Oe orate University of Pennsylvania 
KepelotiyNicholaste. 250 cer een aun Psychiatrie Institute, N. Y. City 
Koppanyi,, Theodore...-2:...2--cscs sees. Georgetown University Medical School 
Worrisy Hora Gey Meise ee aa Sikes eins eine State University of Iowa 
owns 7 Jel tgs bli gto a oe i C0 a ae ee iwi a aa Olean, N. Y. 
Koser, Stewart 

(Kramer \ Ben pamain lan cso ca uaa Brooklyn Jewish Hospital 
Kina sno wy, shracesiicis 250 vets. vs hs ies caee essen dagen eae, Columbia University 
Kmzeneckiy, ile te tesco Si ok ot 

Wimuep ets Rais edison Sea te een ob ne aa a University of California 
rug ia sare ail Ce re eee ee University of Pennsylvania 
Kersey. Enemy ail e cH 8 ts cae el ate aa eee University of Pittsburgh 
Kugelmaes,) 1. Newton sisi a, iin Weis ate ea ee es New York City 
Kandey) Margaret Mit alls er a cheesey oe ee University of Chicago 
Kogmiteyy Moses.) uve tt ene oie Rockefeller Institute, Princeton, N. J. 
Wuiat 2, oA Neri: pil 2: ccc ee hy iE Ne plea Ny re eaia Negi MCN St. Louis University 
RUE TRON a ied MAN fied eetiat deg orn Td ROUTE I a At Peiping Union Medical College 


SR ee ea ee Cee 
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[244 DATUM Eh cele iheses 2 es AMAL UR eee crane urea Presbyterian Hospital 
EN ear TeV gse ley JO co Wa ly Milledgeville State Hospital, Georgia 

sama ere heen arveniica mallee ae Vd Nea Nou ee Rockefeller Foundation 
Brarias Omega airless Baya roe a ee ic en ae ee Vanderbilt University 
Hao Nos LODE ILM AV AMMEN ee cet eo ILL SST UR de RAMBUS Oe are Los Angeles, Calif. 
Hamice held <1) ac Himatce te ee suse sual Une Us a ee Columbia University 
anders @arme yrs fail ates ee Psychiatrie Institute, N. Y. City 
Handatetmer. iar) jie week Sie) Ue Rockefeller Institute, N. Y. City 
ihangstroths Msovelinie ys 02. Me eee Se San Francisco, California 
Ucar iO VeasTe oe Ae Oe ac cae Sa Me EY ah University of Oregon 
Ween dctos abel BY yyeshgs ae AN Pe et UHL RD tebe LEA ate ce ra Temple University 
Harsorar ed ivAd cme ee cca ta eel, Institute for Juvenile Research, Chicago 
HB TSO ines VV epek reese esau ue eee i Noten satel oe rar eAUP sea University of Minnesota 
Pashle yates rg we aes ee BEI Ne a ha University of Chicago 
Teanga Carla) tomas ee Mercia Wee ae ii A University of Buffalo 
Banehlin Ee sie wee. Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
SUSTAINS se REV Ya ayy et NE ae ee a S  a a S Tulane University 
Mieakiery Ol) seagull gues) ie .........University of California Medical School 
D ee CeeS fos PaaeN atts PW ARTI CORR Hygienic Laboratory, Washington, D. C. 
Hee maHendumpnciy Camu now cease ill a ai alles Johns Hopkins University 
Pre etailare CenciC yiwesden tba kek AU Nn ley a AAU i Meta Columbia University 
DGS PINT aye 0 EA ASIC Ia Ue ap plan eed NaS Ral Ae NCA Harvard University 
Weiter te Wouls sus yews Ne CM Rr Us Cenc 6) Go University of Chicago 
Meananden CES tags wanes elves Rd Bhi Burroughs Wellcome and Co. 
Meomardely Wea deren. vee eee ON i Johns Hopkins University 
Me veniam e Ate ies naka Ne el af lead Rockefeller Institute, N. Y. City 
Areva AU Sul Gee eee ames Seah SG LAAN) LSC Bo New York City 
ADs atyatsaYey GIN We osc cy Bike Aca Nese ens 9 oa eh et Ua Oe a Iowa State College 
Whavine; Michaeleic serie ek hat Montefiore Hospital, N. Y. City 
evanesniammmeliAes wei Tn Sie ele. Cornell University Medical College 
Peviniewn VACtOrm Ei mee ke ME oats thos Stead Creighton University 
Me VANSOM sc OMITIOL WA gece NUS U Rel Ree UNSURE Se A University of Illinois 
Teevaverihvoenh: Lice cvace isle ee Presbyterian Hospital, New York City 
Mewes ibbow andre Deke diy cle ec a oe University of Michigan 
The wAs vO Dern IO tise eentuesto ls es Slee University of Colorado 
re he LS pyET iS ses sses Same ects ee Sr LIE eae is Cornell University 
VBE) ayo Gast OQ Be Ae UT IS UE a WIS el rea eee OOP ee eet ee Columbia University 
UUSy alanis Spad 1k UNE Ar ocala Pc ee University of California 
Teale MB earglced ae eae ea ey eaiiaet A ea University of Chicago 
aie Hal ligton 5 seer ere eon eS oie LS ee Na University of Chicago 
OREN Ge MDE ca UE ES ie OSE ge RiP eaten aaa Peiping Union Medical College 
{pro rath) evo) oes sd Cs aM La en Mle er ne a Peiping Union Medical College China 
L piihaxs Ct a 011553 DPN Ore sateen ei RE Nan aes Iowa State College 
ainig eso hmnOnlly Vite eet cD Peiping Union Medical College China 
Piimatons, Ruin ards Wess cae teeatsk test ces College of Physicians and Surgeons 
Big op envy eth COU Fc Ete PS 8 pa Repo te ane ea NN retreat University of California 
Wns ROE Ce. Sea Ag Sy Saas eee ate Stee uae Bar Harbor, Maine 
LCS pg |: ERAN a Peiping Union Medical College 
MOCK Gy VAG Eee eee oe se ch toac ns ct Uerocea se raste St. Luke’s Hospital, Chicago 


MG ay CO echt i og es) We nas cerca ge are erae nto aon Washington University 
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oebs Robert nish i aes vai Wig Rar Presbyterian Hospital, N. Y. City 
Moebels Ra bert iO) iit hv Se ieee Cornell University Med. College 
foe havea: Si Wes RRs UE a SEP ea eee neat el asa University of Iowa 
H Wray CG Loy aaa Diet Ped Sa ned NOVAS WIR SoU AERA WN ern WS AALS, Sy Leningrad, U. 8. S. R. 
Long, Perrin H Johns Hopkins Hospital 
Longeope, W. T.........- JP SOLAR WI SORRY OE ISS Johns Hopkins University 
Toone ys ve aire Nn Mn Rae Ales ts ea re Worcester State Hospital, Mass. 
Teoneniz Walla ria Hye) See ee aSeS shaadi ise ie a reed University of Wisconsin 
Deas WV lives 1 oN eee DAU nee ia) University of California Med. School 
Tinaue kere) oy Minurrreatiy: den ae ie eal ieee aE SEE Naa Ay Une a pee ee Stanford University 
Tani ces eal cl ppt eee ee iss Se SA ESSA Us ae University of Pennsylvania 
N Bj cl sd av Wefo hese Qi Bie chine Ma Ata ELE lee AMER FN University of Chicago 
STS uaara hae Js OE AEE Ay AC CO Re Rh Pea Opa University of Texas 
Teuartey Mis Bye eu Dans 0 SCE es Henry Phipps Institute, Philadelphia 
Piasle, Gare agny ia MOTE a eh Nee Cornell University Medical College 
UBaigerysh rig) Mant AID giea hare NSIS ee IU ERC Oe Mtg Sa Ai 8d Le Ohio State University 
Lynch, Clara J ue Rockefeller Institute, N. Y. City 
1 Oop Tite SEs) Bee RaW IRE MAS I el Be ha ecieean LS University of Minnesota 
MeCans, AUYAUULE os MCMC ege ete URI PN tae 2 University of Rochester 

Mc Glendon, ie), /Francisiscs Windia ee seine University of Minnesota 
McClintock, John T.........2........ Seer ce pe bueneSn oy RSE PET RE eh University of Iowa 
IEG fey Ebb nasty SDMA A aie ton Eas NCE ac ied ba a Johns Hopkins’ University 
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Me piier mObACy Hye. es ee a rc University of California Medical School 
Migiere AMO Lp Hea ne i is Nl Peo ae Johns Hopkins University 
TARE ote as 2a Wa IN Die asa canes nee RO ce ME Maa aC ID Johns Hopkins University 
HVien erst Aaa VsetWi ie eh ee ate a ‘Stanford University Medical School 
IMG Vor sICaa Hiss ia see ee i eel else eae University of California 
Miuichnielis eM enor aes.) 2st. ye ae i Rockefeller Institute 
IVIDI OS WW ru Beiscthes ss Yace- See ries lice ca daentost ge mere eee OS PANLOL. JOMIVErSsiby. 
Mulbiorsit, wh. Decnitets see ys fd apace tule Sos da A aol eon Leipzig, Germany 
Moller; Cuban Mino ed tise eee Me oe tN at University of Chicago 
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IMFo ons (AVG Beas AN Cae ae te ter Ga eb abe Ee Jefferson Medical College 
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Morgulis, Sergius.........-..0....2--.--- University of Nebraska College of Medicine 
Morse se Arr thing oo: Ni 1 OU itere UL scatorle bee Meise iu eae seaS New Haven Hospital 
Morton, John J............ University of Rochester School of Medicine 
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inl EO MUK Se oh G rel Baca ce Nae gM L Ae Aailss RMN AL SUSE aM ANE EN Boston City Hospital 
Mia} ler, mildienmannie dive chs Maen suue see Lane) oimenn Ee cis University of Texas 
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SNGrioTis tie Bintan Box rei abs eh a Herman Kiefer Hospital, Detroit 
Nowyseirederickes Greate. 0en ae cle ee is Bae cS University of Michigan 
Nungester;. 1 Write Genes Northwestern University Medical School 
INI Vie sak RIAN ioesteanoue ene pee nT Rc ei ear ree tad 8 a Boston City Hospital 
(pbreshkove, WAEHSUIEV ER, See esc ell St A 0 NE a ace St. Stephen’s College 
chic rai Hie uV Vi RA ee cc Me dS ol Ge Tulane University 
Oertelslonsta set ser rw enlo Ae oe a McGill University 
(Rao yre, aga n out! Dy aa) aU ect  E) Y Se te mae er et pe University of California 
Ouitgkey. (Peter AG jae vn aeons RE a Rockefeller Institute, N. Y. City 
Oliiverty Jeanie ico ee Gas sua Long Island College, Brooklyn 
Olmstead Miriam (Peo Ee Presbyterian Hospital, N. Y. City 
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Palla eT WR AVY eaten ns ee ee Presbyterian Hospital, N. Y. City 
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Shwartzman Greco yes oie ieee eee ake ae oa Mt. Sinai Hospital 
povEs Tye aalclav holt Ns (ede 2h sb open ey APS Oaiemn ole Un Ne se chsh Peiping Union Medical College 
Sicklés GracosVingss seit es ry N. Y. State Department of Health 
Simomds wept oases eT ae ae are te Northwestern University 
PSSESCO ESN GeH =| 2) (8 (Aiehy aiiees Renee ake Meee ae pry Wenn eK MaMa aie University of Rochester 
Sittentisld Gaye li tuys ees a oY OLS ease ne abe nt Columbia University 
Diners Bigeye h eke cay) tty a8 Pe ae teu en Wet cares University of Minnesota 
Smetana shang) 1215 0ct ea hes ak ee eae Columbia University 
Smith, PAw thio geese eel ogc areaapaee tue eee ee eben ae LO) MU ED ORS L ON 
Smitha Oar) ys Al ek ea cS ee aL Nek ee ame Cornell Medical College 


Smith, Clarence Bergenfield, New Jersey 
Smithy cBirmig WA 2) tee oe or) sae ea ME ee See Iowa State College 
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ROLGLL MPH e Cd Ivan erent cn ts AU sae WAAR ONO ES ey rein nceune Oa University of Iowa 
Ronen ffl aleye (G yoyo ation Ve kl seat Mele a lms hee kOe decor ee Yale University 
Sunn tere Ellggrers yaad eee TN ve te Ne ON aT NIE State University of Iowa 
Smithy elomers We ween e ee Wu N. Y. University and Bellevue Med. College 
SaiplMWa wren Comet ves uk ta nonce ey hy Cornell Medical College 
SEA LOM LT ctr cH grea eres eee Ca a SOLE sce gu ce a 0 ee Maat 2 Boston, Mass 
ropeotiil oS EAH DY oy FAV Ae JES sa ahd Gelb ue soe Et pen Columbia University 
Smith etheobaldmacs sya ee Rockefeller Institute, Princeton, N. J. 
Smiyly ee) soselymiiiae Wie! Oh Shantung Christian University, China 
Spe SRE ENS J BLS0N 122 OR CAI ID NERA WR 6 SRR ee a Mayo Clinic 
Siydermbraniktin py ace ean be Mabie LE I Johns Hopkins University 
Sollmann sel oral dye ees Seu Me ees een ae Western Reserve University 
Somogyi Machaalls Sauce Ve ae eek alls Jewish Hospital, St. Louis, Mo. 
ashen Wy Samiire ye eulee ees thera eas dts Michael Reese Hospital, Chicago 
POUL Cea Mae ET pees ea suag en SUR rie NCL A ER Ma University of Michigan 
Fe) Chen ciiaye t\ANGsiha 2s) 1 ee 0p Caen HU U D egR Oae  ie Babies Hospital, N. Y. City 
Sponsler OS Dik: eeeen i ih ey University of California, Los Angeles 
DS ieibemma ret Biss, (pny 0 UR AN Aa oh AS Moi Sy 8s ll University of Minnesota 
Syberia Uitte rrciey Nicene anes aa EY OM i lL Mal Cornell University 
Stark; Mary.B. ceo ee N. Y. Homeopathic Medical College, N. Y. City 
Starkey, VR Duistges i eson Agricultural Exp. Station, New Brunswick, N. J. 
Sreimbercpermbandu ye Wane eu Toledo Hospital, Toledo, Ohio 
Sfaistacomine Walbro bry eye eh ecome Ne N CME RN oN University of Minnesota 
Stevyenswihies Onwepere eke O UUM eA ie HCN Ne Western Reserve University 
Stemmaspweer trol citer meee aan nanan anf Oke oe Nua Rockefeller Institute 
Stiles, Perey G........ PEE NAMI 50, 81S OR ee Se EN Harvard University 
Sine Ae imcreries (eye apy anime Rat 2 saa os University of Chicago 
Sbullnvan Hida grey awe ae ts i 8 Presbyterian Hospital, N. Y. City 
Spellman al HeiG wes a Wea eter ot ves cee ne Cornell University 
Stockard, Charles! Reo ei el ka ia a Cornell University Medical College 
SlocktonspAw Be waleh mm awl ye MMe nia LC Stanford University Medical School 
Sito ment alivinyeloy some ice ier al eee ati iiles Mule wi Bik Mace 3 Stanford University 
SORA, TG Verona pS ey ey SUI RTA UN a ely OAC a a ORO Yale University 
Sborovamaeom as vA kal ear ON ea ea wiley on Bue Stanford University 
NSAOAVTL SS” NVGSia] DYE 0 | SII Mh Uae ae aa AOU Sa University of Wisconsin 
rodney ove DEOL alr Yohla) ee MIR ENO gt Oh uae WMI Neu araaa es Walt) e Harvard University 
DSELGUSE SOLOMON et WN) meme dees ARNT a Meee Northwestern University 
OUTLe keyari Oe scl see enue Me) Coenen s GLa putes yy Psychiatrie Institute, N. Y. City 
Stool 2uto US Poway crop i edae bane. a ieetem tap ret MALOUEENG SRE New York University 
hone featlchi'd OM Ge Wipes Seta ee Simpson Memorial Institute, Ann Arbor, Mich. 
SU Sura EASA NOMAtSH yee nee sa el Rae Memorial Hospital, N. Y. City 
Iya Paice em canes eats ee | AU ae fal) a) eee Georgetown University 
repel iayaiane, Wile a ler PM LOCAL OSES aaa tos tecoes tL Ri SBR es University of Wisconsin 
ROUBLE USUET IS (ELSE LSIS BOM EAS Ae RL eee MEO MA a ice i Scat Cornell University 
Sundstroem! Hdwardwoec cleo ee IE OS ce University of California 
Sth. SEA\ 1132) NAA le ea ea ee a nen ee A AS University of Arkansas 
oP SETSIEICS UR RES i Reale AoC rE University of Chicago 
POLITE) 2 LES gy OND ire Np Rees aaa ampere University of Chicago 
Fey\uikeLeliry! ahi! 70 bas Neale nats Sue NOR see Cornell University Medical College 


BS eae SIS sLL Se ea ce UN els, aekad Duke University 
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Swikt;), Sal, DAs a pee ieee ok he he Rockefeller “Institute, New York City 
Sram gle sii Wiss Wares ee ei he ee ey OI Ss eee Sea) Princeton University 
Symmers, Douglas...................- N. Y. University and Bellevue Medical College 
"[ainter, TAY ER esa Cy Stpes Ord a thd rap el een ete URI COLUeeGte Stanford University 
SUED OOTIA! is Oe Ad oh Gen RUE eH MemeeaReL Aen etme thee ere cea Harvard University 
Manner; VR edie ek ee eh ee ee cee University of Illinois 
Tashiro te Shiro sac Se eeu iN teenie pe poe Ue University of Cincinnati 
even, GAN TSA ST eee ga Eee SEAN ieee Yes rade cone University of Wisconsin 
Parylor, MObaTles : Vistsdie nec ee ce eee Stator Um versiby, 
Ten-Broeck,) Carl ..2....00 hts Rockefeller Foundation, Princeton, N. J. 
aBertrsy, SES sai Dae enarinne ope oasis Bie E00 ee Nl Con RO pe es Rochester, Minn. 
Thalhimer,) Walliams ne pits oa AU Bs Michael Reese Hospital, Chicago 
Dhatcher, Robert Wie uci a ise A cue Massachusetts Agricultural College 
Mhienés,” Chintony Heo. ee University of Southern California 
Thomas, “Arthur aWis, Rane see Accidente apa Columbia University 
Fn onrasy iy Hii crake aed ane Be Sh ecaie ) Jefferson Medical College 
Thomas, ‘Karl.i.)22..2. Physiologisch-Chemisches Institut, Leipzig, Germany 
Thomas Walter Scci) Cen sees es Clifton Springs Sanitarium, N. Y. 
Thoraldser, Cx Bae tice We ie eat New York Homeopathic Medical School 
Paro, Wall ial en eae ea Cornell University Medical College 
Tisdallitrederiek (Bish eta tee ni ii) ii Nias es Bs ene University of Toronto 
Le dsteots tid wa rclieeseees ok Cob Vi GU, GR ET Lee a a eg New York City 
Bomestkyiid ose pee ciel Mee ee Ni GALE eas eC Budapest, Hungary 
AROTRE YATE ATTY Wee ee ata ei TON SY UUM AUS eo ea Beta Stanford University 
Torre yiitan | Owen doth ete eae, Cornell University Medical College 
Pratimen se giant sao. lone le Ue eevee eae Western Reserve University 
ZEPAOING SACO PREM a eee RUS NOON cap oa eee es University of California 
faa Ea DR dip sd AO ea Sie cnet a aie Dambide Cet NE State University of Iowa 
Teenwidgoari TA ners. oe Epidemic Prevention Bureau, Peiping, China 
MD Sos} Birmes ties. Oe eA A Bi cae a Peiping Union Medical College 
Tunnicliff, Ruth....John McCormick Institute for Infectious Diseases, Chicago 
Ashi Csi 200 fu & Mae eRr MAM OP ie BUNA NNGIA NUNN eU da ile ea Nala cre Tulane University 
{Bratt heeled ssc cl eS ala sega IN State University of Iowa 
dy AAC ALAN Oar Davee Cac) aa An OE Md eet Harvard University 
Ublenhuth, Breweries 2 yi teins Wl wea ae ae University of Maryland 
Unider bulla Biren EP Meet sae ie a ie ea IU ME ecera Yale University 
en Aerie Ccme Ms oie at ee ree tia erro eae pe ae Peiping Union Medical College 
Meany UD ivice inet ie bs, votes: jack 2a yee he anal Se rss eee University of Chicago | 
Van Slyke, Donald Dra stares) aN ara ote, Rockefeller Institute 
Vanighn, wha Wey lander kre Urol ete yn itera Scripps Institution, California 
Wicker, bie each MU en eter Connecticut Agricultural Exp. Station 
Visscher, Manrice Boies. 2 cane University of Illinois Medical School 
Wiorel eM yee etic St. Luke’s Hospital, New York City 
Wen Meysenbug,; Undone: 5 = ine cee et ea ees Tulane University 


Vom Mettingen.: Wiest caine 2c sy arene ny Western Reserve University 
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adsworth, Augustus B..............0000------ N. Y. State Department of Health 

ANY Ug ag) Whar C8 Dead Mic REE ME Saunt eae Mee Rated University of Louisville 
VSN AT Swe cea aN eet L Lis N. J. State Agr. Experiment Station 
West Trapese yy VV sou tegen en eerie yD Ose Ss AE We en} Northwestern University 
In ez ee gy DA aE RN ee ML SB aR ee evs University of California 
Wallace, George B.............-....... N. Y. University and Bellevue Medical College 
TAMU Gaye TEE nigh Dee iM She a gtk shod esha Ne University of Colorado 
WWiclicomyp DiC e teen ee cco ce eats RL ei Edgewood Arsenal, Edgewood, Md. 
Wray C iO hea cacy gion ores Lt Children’s Hospital, Cincinnati 
WWuaurensteen. Owen) Phes lee sen. Tier Te oe University of Minnesota 
VION SHIGA S irae ele ee ene 2. Ue NE Lae uy. Harvard Medical School 
WAS LEME VW Sark Elonmaasern a Uuntes Urania: Latiies ic Sen NOR UNA N 3E) University of Toronto 
Wiad iia Als leeds oe University of Western Ontario, Canada 
Wearever nme ema ree our rus ian Lakeside Hospital, Cleveland, Ohio 
Wiebsterr ici. cers tc itn Presbyterian Hospital, New York City 
IWViebstecmiveshieumecrrs tere mitt su Ve oye et) nals WS Le Rockefeller Institute 
Wedd, Alfred M............ RUUD ma ela PUNE SDE ALY Clifton Springs Sanitarium 
ANATOLE Suse rege sve hs Ue in Nee a name LS cet apm Northwestern University 
WVGISKOULOM MiLerm an Gena e Lyre See ee Se Syracuse University 
IVEY Se eT Os aU grh UU ry de ec TID Bee a Washington University 
NTA SY EIS BE ig PGB RA oak RAE a Ta ale Columbia University 
WISE OMA ce eae Cone ena tiean casey abs A EA Te Boston City Hospital 
NASI 7 Jove thse Cate NT aL) Nd eae in INE Columbia University 
RWG error wblen MMe ch Tote ee University of Illinois Medical College 
ANGI CEN Si Gfrirad WY al aes SSE up Rg eNO aS University of Michigan 
Wrenner William He ee eve. Washington University Medical School 
Wherkima rien Hesterciriics ue mueman se in hie). S Oat ok ON Tee Iowa State College 
West iHl d.wardias seen res cena th aad als, VS a Washington University 
AWiES tutto bo Moet ners SeN Wns pe LS, Presbyterian Hospital, N. Y. City 
NWwietzel a Normans © eine cs Ween ascii a ae Western Reserve University 
Woymonbhee Hranks | Wise cu lense he Tiloe ca Stanford University 
WAU y aN A VAD Neh ca DESC rR ela SCO Se NS Boston, Mass. 
WWatipisles(aeorres Ecce reuee NU OA a ca te University of Rochester 
NWilataer ye bye Miku se SiN TA ab pantera RO A oy Stanford University 
White, G. Benjamin....................-..- Antitoxin and Vaccine Laboratory, Boston 
AVG aba 2),, Le Ld ONG oa OC RENE IG CRUR NES S SAIRNE Washington University 
WablemO@harlesa ac nua ces ce Aen CEN, eae See University of Nebraska 
Wvebagedey dey: (Gein Fagl (Ne URI URE SURN Ae ae Western Reserve University 
pW ilelmn yy eC Mie see ek a bo Creighton University Medical School 
WYSUAIIAN OS Sees se we a he oe hs Bristol; Poe 
Wallignas Ams Wear sone ass tee ee utes Department of Health, N. Y. City 
Walliams Mitora tion Bsc cee ei ha ccl en ee  S Columbia University 
BV alder arnnes apis Wencrnees Nua rot, EN Coc Pe hk University of Buffalo 
Walltarns reialte scree clara bas Liens cons Highland Hospital, Rochester, N. Y. 


Williams, Robert R............. Spon cists WU ear mA EEN Western Electric Company 
WWalliamenniuomena dere.’ col lets ck al ea os ae a University of Oregon 
WWralltammsouye Charles Sscs.5.-..:er-scse tecenceasac stl Sema cen sues os beare University of Illinois 
Vy sullen wiser aanain Estes cece ec SO University of Chicago 
WilkonweD) maWirreht aces ett) ue Uy sake University of Pennsylvania 


Wriltompedmiund: Benito easy ie eke skal) Columbia University 
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Walsoms Si rare Necture ei Re Neue neces ges aze University of Michigan 
Walson’ diames! Bocuse) aah ise lly Se 0 sesh tes so oie eee! Syracuse, N. Y. 
Winslow (Ck Hie Acs lane ruil RULE As nah care ee Reet ua anny Mee ee Yale University 
Witatemmit zs (MVislitom, C). ana. eau et i eae Sasa ee ee Yale University 
Wriitsiclic | Firat eae ou Waals eee ele oe ee State University of Iowa 
Wrartzern amin Hy dorsiat se) tage ane ee ney ceases ele cae University of Wisconsin 
Wiogtloml 23 Wyo fA Je Ay See Ua We nesta oe aes Columbia University 
Wio bach aS iB ah cisco Mae oui eA aL a ata Ne Harvard University 
Wrolken@ Gita so sce Mun Addenbrooke’s Hospital, Cambridge, England 
Weollsteiny Manthey ..is ese ons) cease Babies Hospital, N. Y. City 
Wroods Biramets iC) ji za De ee 0 eee Re Oa SiO eae Columbia University 


Acco (shay bsesn BARN Due wees meri Ce\MeeMRn ean eta WUNpES SK Nes erate sade) Yale University 
Wirieht.wEHaroldy Niece esl nl BGT en Nai sseee Linas University of Minnesota 
Wit VEL Siem Mines tae c ea dicily  bue an Peiping Union Medical College, China 
Witilzen | -Rosalinds otic Gh enc 1. eae eee aera ene a. University of Oregon 
Y 2tsu, IN GONIe sar ie ie ene seer uae Zoological Institute, Tokyo, Japan 
ieee iy si We chy ean ug eID e NUUN RIOT eC RAO AU pCa Towa State College 
Werkes) sobert Mi. cuts ih val Oh eet Na a te a DR eee eo Yale University 
Youland) William Ee, Jr. N. Y. Homeopathic Medical College 
VOU 0 iC ela eat eA ed eA fey eR ae RO RDA Department of Health, Mich. 
Wudkin, Arthur yee PO MORN base ih Nea g NCE EAL) Yale University 
WISSe Tse HL stig este, LA Elec Sa) bie abet BM ae Harvard University 
ZOZAY AS OSO see ge ie ee end Mulford Laboratories, Glenolden, Pa. 


Ancker Theodore: Ws skies sate ie SU i Gor das eo roma era) Columbia University 
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Honorary Members 


Councilman, W. T., Harvard University. 
Halliburton, W. D., London, England. 
Howell, W. H., Johns Hopkins University. 
Lombard, Warren P., University of Michigan. 
Porter, William, Harvard University. 
Reichert, EH. T., University of Pennsylvania. 
Richet, Charles, Paris, France. 

Schaffer, E. S., Edinburgh, Scotland. 

Von Miiller, F., Munich, Germany. 

Welch, W. H., Johns Hopkins University. 


New York Society 


Greater New York 


Carnegie ee ae ee C. B., Laughlin H. H., MacDowell E. C., 
Riddle O., Salant. W 


College of the City of New York—Dawson J. A., Goldforb A. J., Har- 
row B., Seott G. G. 


Columbia Umiversity—Calkins G. N., Coulter C. B., Dunn L. C., Eddy 
W. H., Freeman R. G., Jr., Gregory L. H., Heft H. L., Lancefield D. E., 
MacLeod G., Packard C., Sherman H. C., Rose M. S., Wilson E. B., Woglom 
W. H., Wood F. C. 


Columbia University, College of Physicians and Surgeons and Allied 
Hospitals—Atchley D. W., Barach A. L., Bauman L., Berg B. N., Boots R. 
H., Clarke H. T., Copenhaver W. M., Detwiler S. R., Dochez A. R., Draper 
G., Elsberg C. A., Engle E. T., Flinn F. B., Foster G. L., Gay F. P., Geyelin 
H. R., Gies W. J., Hanger F. M., Jr., Heidelberger M., Hess A. F., Hopkins 
J. G., Jobling J. W., Jungeblut C., Krasnow F., Ladd W. S., Lee F. &., 
Levy R. L., Lieb C. C., Linton R. W., Loeb R. Bo McIntosh R., Meleney 
100 Ope Miller WuGe, Jr, Mulinos M. a Myers C. N., Olmstead M. P., Op- 
penheimer B. S., Ornstein GarG: Palmer W. Ww. ’Pappenheimer A. M., 
Richter M., Scott E. L., Seegal B. C., Sittenfield M. J., Smetana H., Smith 
PavAs, Sperry W., Stillman E., Thomas A. W., Webster J. Ps Weiss H., 
Weld (uD , West R., Williams CL. B., Zucker TF. 


Cornell University Medical College—Bagg H. J., Behre J. A., Benedict, 
S. R., Blau N., Cattell M., Cecil R. L., Chambers W. H., Churchman J. W,, 
Coca Ths. Lae DuBois i. KF, Edwards D. J., Wiser W. a Ewing J., Foster 
N., Gold H, Hartwell J. eh Hatcher R. A., Kahn M. C., Levine 8. Z., Loebel 
R. ‘0; Lusk G., Miles W. ce , Papanicolaou G. N., Quick A. J., Reanikotf see 
Richardson lak as Robinson (ts C., Schloss O. M., Smith C. H., Smith L. W., 
Stillman R. G., Stockard C. ey Sweet J. E., Thro W. Cz Torrey J.C. 


Montefiore Hospital—Baumann K. J., Gottesman J. M., Levine M., 
Marine D., Perla D., Ringer A. I., Ringer M,, Sandberg M. 
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Mt. Sinai Hospital—Baehr G., Crohn B. B., Epstein A. A., Frank R. 
T., Gross L., Kohn J. L., Ottenberg R., Rothschild M. A., Schick B., 
Shwartzman G. 


New York Homeopathic Medical College—Allen, Ezra, Coombs H. C., 
Danzer C. S., Hollander F., Kleiner I. §., Stark M. B., Thoraldsen C. E., 
Youland W. E. 


New York University and Bellevue Medical College—Bakwin H., Barber 
W. H., Bodo R., Brooks H., Cannan R. K., Chambers R., Coleman W., 
DeGraff A. C., Kisberg H. B., Fry H. J., Gettler A. O., Greenwald I., Helff 
O. M., Howland R. B., Joliffe, N. H., Mandel A. R., Neuwirth I., Noble W. 
C., Jr, Otto H. L., Park W. H., Pellini EB. J., Ponder E., Prewitt R. V., 
Ralli E. P., Ratner B., Senior H. D., Smith H. W., Stunkard H. W., Sym- 
mers D., Wallace G. B. 


New York Post-Graduate Medical School—Bailey C. V., Cohn M., 
Chace A. F., Crampton C. W., Halsey R. H., Kast L., Katayama I., Kil- 
han J. A., MacNeal W. J., Mosenthal H. P., Marshall C., Jr. 


Princeton University—Conklin E. G., Harvey E. H., Jones F. §&., 
Pfiffner J. J., Smith T., Swingle W. W. 


Rockefeller Institute—Anson M. L., Avery O. T., Bauer J. H., Binger 
C. A. L., Blinks L. R., Brown W. H., Casey A. E., Cohn A. E., Cole R., 
Flexner S., Florence L., Hill S. E., Hughes T. P., Irwin M., Jacobs W. A., 
Kunitz M., Landsteiner K., Levene P. ae nee C. J., MacMaster P. D., 
Michaelis L., oid A. E., Murphy J. B., Murray H. A., Jr., Northrop 
J. H, Olitsky P , Osterhout W. J. v. "Page lL. H, Pearce i Rhoads 
CrP: ’ Rivers T. M,, pa P., Sabin F. R.., Shope R. E., Stewart H. JG Swift 
H. F, Ten Broeck. Cz VanSlyke D. D., Webster L. T. 


Rutgers University—Anderson J. F., Cole W. H., Murray T. J., Nelson 
T. C., Waksman .S. A. 


Yale University—Anderson R. J., Baitsell G. A., Barbour H. G., Blake 
B. G., Burr H. §., Chittenden R. H., Cowgill G. R., Dusser de Barenne J. G., 
Fulton J. F., Harrison R. G., Harvey S. C., Himwich H. E., Hussey R., 
Johnson T. B., Mendel L. B., Morse A., Nicholas J. §., Peters J. P., Powers 
G. F., Rettger L. F., Smith A. H., Smith G. H., Stone L. S., Underhill F. P., 
Vera L. L., Winslow C.-E. A., Winternitz M. C., Yerkes R. M., Yudkin 


Miscellaneous—Baldwin W. M., Benton A. G., Blair J. E., Blakeslee 
A. F., Blatherwick N. R., Berg W. N., Bernhard A., Bodansky A., Brand E., 
Bullowa J. G. M., Byrne J., Clark G. W., Collens W. S., Curtis M. R., 
Dakin H. D., Davis N. C., Draper J. W., Dresbach M., Dubin H. E., Eggston 
A. A., Falk K. G., Famulener L. W., Field C. W., Fishberg E. H., Frankel, 
F. H., Freedman L., Gager C. S., Garbat A. L., Gardner L. U., Goldberg 
§. A., Goldbloom A. A., Harris I. F., Harris R. G., Hawk P. B., Hooper 
C. W., Jacobsen V. C., Jaffe H. L., Kahn M. H., Kirkbride M. B., Knudson 
A., Koch M. O., Kopeloff N., Korns J. H., Kramer B., Kugelmass I. N., Lam- 
bert R. A., Lamson R. W., Landis C., Leonard C. S., Levin I., McIver M. A., 
Mackenzie G. M., Maltaner F., Mann H., Master A. M., Medlar HE. M., 
Meigs HE. B., Millet J. A. P., Noble G. K., Jr., Norris C., Obreshkove U., 
Oliver J., Pack G. T., Petroff S. A., Prince A. L., Pucher G. W., Quinn EH. J., 
Rizzolo A , Rohdenburg G. L., Rose A. R., Rosenthal L., Ross V., Roth G. B., 
Russell W. C., Sawyer W. re: Schneider E. C., ‘Sehultz W. H, Sharlit H, 
Sherwin C. P, Sickles G. M., Smith C. A., Starkey Reda; Stucky C. We 
Suguira K., Tolstoi E., Vickery Beh. AB ye Vogel K. M., Williams A, 
Williams R. R,, Wollstein M. 
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Outside Greater New York 
Alabama—Carmichael H. B., Keller A. D. 
Arizona—Pinner M. 

Arkansas—Sure B. 
Colorado—Corper H. J., Gustavson R. G., Wallin I. E. 


District of Columbia—Branham S. E., Brown L. A., Csonka F. A., 
DeKds F., Falk I. S., Hawkins J. A., Holm G. E., Howe P. E., Kopp4nyi T. 
Leake J. P., McKinley E. B., Markowitz J., Schwartz B., Sullivan M. X 


Georgia—Lamar R. V., McGinty D. A., Schwartz E. W. 


Indiana—Bills C. E., Chen K. K., Clowes G. H. A., Corley R. C., 
Frazier C. N. 


Kentuchy—Beutner R., Wakerlin G. E. 
Maine—Little C. C., Moise T. S. 


Maryland—Johns Hopkins University—Abel J. J., Brown J. H., Bull 
C. G., Burky EH. L., Carter E. P., Cohen B., Geiling EH. M. K., Harrop G. 
A., Hill E. C., Holt L. E., Jr., Jennings H. 8., Lee F. C., Leonard V., Long 
P. H., Longeope W. T., McCollum EH. V., Macht D. I., Marshall EH. K., Jr., 
Meyer A., Meyer A. L., Pearl R., Pfeiffer J. A., Shelling D. H., Snyder F, F. 


Miscellaneous—Park EH. A., Uhlenhuth E. 


Massachusetts—Boston City Hospital—Forkner C. H., Keefer C. S., 
Mallory F. B., Muller G. L., Nye R. N., Minot G. R., Weiss S. 


Harvard University—Aub J. C., Blackfan K. D., Cannon W. B., Chris- 
tian H. A., Crozier W. J., Cushing H. W., Drury D. R., Ernstene A. C., 
Ferry R. M., Fitz R., Gamble J. L., Hunt R., Jackson H., Jr., Lee M. O., 
Menkin V., Mueller J. H., Parker G. H., Pinkerton H., Pratt J. H., Quinby 
W. C., Shear M. J., Stiles P. G., Strong R. P., Talbot F. B., Tyzzer EH. E., 
Warren §., Wolbach S. B., Zinsser H. 


Miscellaneous—Adams A. E., Blumgart H. L., Derick C. L., Dienes L., 
Forbes H., Gates F. L., Gilligan D. R., Glaser O. C., Hooker S. B., Joslin 
HE. P., Looney J. M., MeCrudden F. H., Murphy W. P., Pratt F. H., Rapport 
D., Robinson E. S., Rowe A. W., Schlesinger M. J., Smith M., Thatcher 
R. W., Wheeler W. M., White B. 


Michigan—University of Michigan—Bunting R. W., Christman A. A., 
Cowie D. M., Eckstein H. C., Edmunds C. W., Gesell R., Hadley P. B., 
Huber G. C., Lewis H. B., Nelson E. E., Newburgh L. H., Novy F. G., Rose- 
boom B. B., Soule M. H., Weller C. V., Wilson F. N. 

Miscellaneous—Fine W. S., Gaebler O. H., Isaacs R., Kahn R. L., 
Kamm 0O., McQuarrie I., Mallman W. L., Mitchell H. S., Norton J. F., 
Shiple G. J., Sturgis C. C., Young C. C. 

Nebraska—Guenther A. E., Levine V. E., Morgulis 8., Wilhelmj C. J., 
Wible C. L. 

North Carolina—Amoss H. L., MacNider W. deB., Perlzweig W. A., 
Swett F. H. 

Ohio—University of Cincinnati—Fischer M. H., Jackson D. E., Mills 
C. A., Shiro T. 


? 
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Ohio State University—Brown J. B., Doan C."A., Durrant E. P., Hitch- 
cock F. A., Lyman J. F., Niee L. B. 


Miscellancous—Cullen G. H., Peskind S., Steinberg B., Wang C. C., 
Wearn J. T 


Oregon—University of Oregon—Allen W. F., Burget G. E., Gellhorn 
E., Larsell O., Manville F. A., Menne F. R., Moore A. R., Moore M. M., 
Myers H. B., Osgood E. E., Sears H. J., Williams R. J.. Wulzen R. 


Pennsylvamia—University of Pennsylvuania—Abbott A. C., Aronson J. 
D., Austin J. H., Bazett H. C., Bronk D. W., Drabkin D. L., Goldschmidt 
S., Heilbrunn L. V., Jacobs M. H., Jonas L., Kolmer J. A., Krumbhaar E. B., 
Lucke B., Lurie M. B., McCutcheon M., Mudd S., Pepper O. H. P., Raiziss 
G. W., Reimann §. P., Richards A. N., Schmidt C. F., Wilson D. W. 


University of Pittsburgh—Collins H. H., Donaldson J. C., Guthrie C. 
G., Haythorn §., Hooker D., Kruse T. K., McEllroy W. 8., McMeans J. M., 
Menten M. L., Permar H. H., Ray H. M., Richey D. G. 


Miscellaneous—Bergey D. H., Coghill G. E., Donaldson H. H., Dutcher 
R. A., Freund J., Furth J., Githens T. S., Hafkesbring H. R., Hinshaw H. 
C., Hoffmann G. L., Huntoon F. M., King H. D., Larson E., Marsh R. P., 
Mellon R. R., Moon V. H., Opie E. L., Pemberton R., Thomas J. H., Willa- 
man J. J., Zozaya J. 


Rhode Island—Banta A. M., Rakestraw N. W. 
South Dakota—Pohlman A. G. 


Tennessee—Amberson W. R., Burch J. C., Cunningham R. S., Garrey 
W. E., Johlin J. M., Lamson P. D., Mason R. E., Robinson C. S., Terry B. a 


Texas—Bodansky M., Dawson W. T., Hartman oe Hendrix B. M., 
Herrmann G. R., Lund BE. J., Moore R. 'M., Muller H. J., Reed C. L, 
Rogers F. T. 


Utah—Johnson C. C. 

Virginia—Cash J. R., Horsley J. S., Jordan H. E. 
Washington—Guberlet J. E., Norris E. R. 

West Virginia—Chidester F. E. 


Sections 


Cleveland, O., Section 
Western Reserve Oe eee O., Bing F. C., Collett M. E., Crile 
G. W., Cutler E. C., Ecker E. E., Goldblatt ie Karsner H. T., Kline ’B. S., 
McCullagh DD. R., Megrail E., “Hon re Aes Muntwyler K., Myers WiieOs 
Quigley J. P. , Ray G. B. , Rogoff J., Seott R. W,, Shibley G. 8., Shohl A. T., 
Sollmann T., ” Stevens H. Cc: Trattner Es Von Oettingen W. F., Wetzel 
NCS Wiggers C. J. 


Illinois Section 
University of Chicago—Andrews E., Barron E. S. G., Bloom W., Boor 
A. K., Cannon P. R., Carlson A. J., Child C. M., Curtis G. M., Dack G. M., 
Dragstedt Boks Gerard R. W., Greer Jes Hamburger W. W,, Hanke M. 
E., Hastings A. B., Hinrichs M. A, Hudson Nees Johnson C. "hes Jordan 
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KH. O., Kleitman N., Koch F. C., Koser 8. A., Kunde M. M., Lashley K. S., 
Leiter L., Lillie F. R., Lillie R. S., Luckhardt A. B., McLean F., Miller C. 
P., Jr., Moore C. R., Necheles H., Palmer W. L., Ragins I. K., Robertson 
O. H., Schlutz F. W., Still E. U., Swanson W. W., Sweany H. C., Van Dyke 
H. B., Willier B. H. 


University of Illinois—Arnold L., Bachem A., Bergeim O., du Vigneaud 
V., Falls F. H., Jaffe R. H., Keeton R. W., Koch E. M., Levinson S. A., 
Petersen W. F., Phemister D. B., Reed C. 1, Rose W. C., Tanner F. W., 
Visscher M. B., Welker W. H., Williamson C. S. 


Northwestern University—Alt H. L., Crandall L. A., Jr., Davenport H. 
A., Day A. A., Dragstedt C. A., Farmer C., Gunn F. D., Ivy A. C., Jung F. 
T., Kendall A. I., Muehlberger C. W., Nungester W. J., Pollock L. F., Ran- 
son 8. W., Simonds J. P., Strouse S., Walker A. W., Weil A. 


Miscellaneous—Albus W. R., Austin W. C., Boyd T. E., Buehbinder W. 
C., Davis D. J., Downs W. G., Fisher N. F., Givens M. H., Hamilton B. K., 
Howell K. M., Katz L. N., Kober P. A., Larson J. A., Locke A. P., McJunkin 
F. A., Miller J. L., Nielsen C., Pribram E., Schultz O. T., Soskin S., Thal- 
himer W., Tunnicliff R. 


Iowa Section 


State University of Iowa—Baldridge C. W., Bodine J. H., Boyd J. D., 
Daniels A. L.; Gibson R. B., Gross E. G., Hansmann G. H., Hines H. M., 
Jeans P. C., Korns H. M., Loehwing W. F., McClintock J. T., Malamud W., 
Mattill H. A., Miller G. H., Plant O. H., Plass HE. D., Smith F. M., Smith, 
H. P., Travis L. E., Tuttle W. W., Witschi E. 


Towa State College—Becker H. R., Buchanan R. H., Fulmer EH. I., Ham- 
mer B. W., Levine M., Lindstrom E. W., Melhus I. E., Nelson V. E., Smith 
HK. A., Werkman C. H., Yeager J. F. 


Minnesota Section 


University of Minnesota—Amberg §S., Anderson J. E., Berglund H., 
Bieter R. N., Bollman J. L., Boothby W. W., Boyden E. A., Brown E. D., 
Eckles C. H., Fahr G., Fitch C. P., Gortner R. A., Green R. G., Greisheimer 
E., Henrici A. T., Hirschfelder A. D., Jackson C. M., Kendall E. C., Lar- 
son W. P., Lyon EH. P., McClendon J. F., McQuarrie I., Medes G., Palmer 
L. S., Petersen W. E., Rasmussen A. T., Reimann H., Rosenow EH. C., San- 
ford A. H., Scammon R. E., Scott F. H., Shannon W. R., Skinner C. E., 
Stakman E. C., Stenstrom W., Wangensteen O. H., Wright H. N. 


Miscellaneous—Alvarez W. C., Essex H. E., Greene C. H., Helmholz 
H. F., Hench P. S., Higgins G. M., Magath T. B., Mann F. C., Robertson 
H. B., Sheard C., Snell A. M., Terry B. T. 


Missouri Section 


St. Louis University—Auer J., Briggs A. P., Collier W. D., Doisy BE. 
A., Fleisher M. S., Graves W. W., Griffith W. H., Hertzman A. B., Kin- 
sella R. A., Kuntz A., Shaklee A. O. 


University of Missouri—Allen E. 


Washington University—Alexander H. L., Barr D. P., Bishop G. H., 
Bronfenbrenner J., Bulger H. A., Cooke J. V., Cori C. F., Cowdry EK. V., 
Erlanger J., Gasser H. §., Graham E. A., Graham H. T., Gruber C. M. M., 
Hanson F. B., Heinbecker P., Howard H. J., Julianelle L. A., Key J. A., 
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Loeb L., MeCordock H. O., Marriott M., Muckenfuss R. S., Nelson M. V., 
Olmstead W. H., Schmitt F. O., Shaffer P. A., Weiss C., "Wenner WwW. 
West E. S., White, io gel 


Miscellaneous—Broun G. O., Ellis M. M., Gray S. H., Jorstad L. H., 
Somogyi M. 


Pacific Coast Section 


University of California—Anderson H. H., Ball G. H., Beckwith T. D., 
Bellamy A. W., Bishop K. 8., Blum H. F., Brooks M. M., Brooks §. C, 
Burnett T. C., Chaikoff I. Li, Gonnor Cas Cook Ss. F., Daniel JF, Dunn 
M. §., Eberson F., Gahl R., ” Greenberg D. N., Evans i. M., Hart Gg. ie 
Hinman 1305 Hobmaier M., Holmes Bes Kelloge W. #H., Kerr W. J. Kofoid 
C. A., Krueger HN eae Leake CHD; Light Sen Lipman Cc. B., Lucas Wales 
Marshall Jy arte Marshall MW. §., Mettier S. R., Meyer K. F., ’ Mudge Cush 
Okey R. E., Olmsted J. M. ty Schmidt (OD Br A, Spee 0. an Sundstroem 
K. E., Traum J., Walker E. 


Stanford BU ati T., Alsberg C. L., Barnett G. D., Baum- 
berger J. P., Bloomfield A. L., Danforth C. H., Dickson Hic Dock W., 
Faber H. cel Field J., Fluhmann C. F., Hanzlik P. J., Hinsey J. C, Holman 
H., Hurwitz 8. H., Luck J. M., Manwaring W. H., Martin HK. G., Meyer A. 
W., Mehrtens H. G., Miles W. R., Ophiils W., Pierce G. J., Read J. M., 
Reichert F. L., Schultz E. W., Stockton A. B., Stone C. P., Storey T., Tainter 
M. L., Taylor C. V., Torrey H. B., Weymouth F. W., Whitaker D. M. 


Miscellaneous—Adler H. M., Allen B. M., Burrows M. T., Deuel H. J., 
Jr., Gilchrist F. G., Gurchot C., Hall HE. M., Kessel J. F., Koehler A. E., 
Langstroth L., McKibben P. S., MacDougal D. T., MacKay EK. M., Moberg E. 
G., Morgan T, H., Oslund R. M., Proescher F'., Sahyun M., Sansum W. D., 
Thienes C. H., Vaughan T. W. 


Peiping Section 
Peiping Union Medical College—Carruthers A., Chang H. C., Chang 
H., Cheer 8. M., Chou T., Dieuaide F'. R., Fortuyn A. B. D., Guy Ruth A., 
Hannon R. R., Hoeppli R. J. C., Hou H., Kurotehkin T. J., Lim C. E., Lim 
R. K., Ling S. M., Lin 8., Ma W. C., Ni T., Pak C., Read B. E., Sia R. H. 
P., Tsen E. T. H., Tso E., Van Allen C. M., Wu H 


Shantung Christian University—Smyly H. J. 


Southern Section 
Tulane University—Bass C. C., Bliss 8., Cohn L., hare, C. F., Cummins 
H., Duval C. W., Faust HE. C., Gage I. M., Gould H. N , Halsey ge T., Hard- 
esty I, Harris W. le Hathaway BE. S., Johns F. M., Laurens - Mayerson 
Bs. "Matas R., Menville L. J., Musser J. Eid Ochsner EB. . A., Seott 
ibe rele Turner R. H., Von Meysenbug L. 


Miscellaneous—Ashman R., Beard H. H., Bodansky M., Brooks C., Daw- 
son W. T., Herrmann G. R., Moore R. M., Schwartz B. 


Western New York Section 
University of Buffalo—Atwell W. J., Bowen B. D., Dolley W. L., Jr., 


Edwards J. G., Emery F. E., Griffith F. R,, Hartman F. A. . Humphrey ae 


R., Lathrop C. O., Williams i. 1). 


Cornell University—Hagan W. A., Hayden C. E., Liddell H. S., May- 
nard L. A., Romanoff A. L., Sharp P. F., Sherman J. M., Stark C. N., 
Sumner J. B. 


sy ser, 
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University of Rochester—Adolph HK. F., Bayne-Jones S., Birkhaug K. 
K., Bloor W. R., Burns R. K., Jr., Claussen 8. W., Corner G. W., Dye J. A., 
Fenn W. O., McCann W. S., McCoy O. R., Morton J. J.. Murlin J. R., 
Pearse H. E., Pierce H. B., Scott W. J. M., Sinclair R. G., Whipple G. H. 


Syracuse University—Brewer R. K., Dooley M. §., Knowlton F. P., 
Mitchell O. W. H., Weiskotten H. G., Wilson J. R. 


Miscellaneous—Hubbard R. 8., Thomas W. S., Wedd A. M., Williams 
Joke 
Wisconsin Section 


University of Wisconsin—Bardeen C. R., Bast T. H., Bradley H. C., 
Bunting C. H., Clark P. F., Cole L. J., Daniels F.. Duggar B. M., Eyster 
J. A, E., Fred HE. B., Gilbert E. M., Guyer M. F., Hart E. B., Hastings E. J., 
Hisaw F., Keitt G. W., Lorenz W. F., Meek W. J., Nichols M. S., Peterson 
W. H., Reynolds C., Sevringhaus HK. L., Stovall W. L., Sullivan W. E., 
Tatum A. L., Walton D. C., Witzemann HE. J. 


Foreign 


Australia—Davies H. W. 
Austria—Bruecke EH. 
Belgiwm—Heymans C. 
Brazil—F robisher M., Jr. 


Canada—Babkin B. P., Banting F. G., Caulfield A. H. W., Collip J. B., 
Cruickshank E. W. H., Fitzgerald J. G., Gelfan S., Holman W. L., Klotz 0O., 
Macallum A. B., Meakins J., Oertel H., Penfield W. G., Tisdall F. F., Was- 
teneys H., Waud R. A. 


Czechoslovakia—Krizenecky J. 

Denmark—Fischer A., Fridericia L. 8. 
England—Gaskell J. F., Wolf C. G. L. 

France—Funk C., May R. M., Miller H. M., Jr., Plotz H. 


’ Germany—Balls A. K., Erdman R., Milhorat A. T., Mueller E. F., 
Thomas K. 
Hawai—Salle A. J. 
Hungary—Tomesik J. 
Japan—Katayama I., Yatsu N. 
Norway—Salvesen H. A. 
Palestine—Kligler I. J. 
Philippine Islands—Sherman H. KH. 
Porto Rico—Cook D. H. 
Russia—London EH. §S. 
Scotland—MacLeod J. J. R. 
Switzerland—Asher L. 


